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ABSTRACT 
 
DEVELOPING MANAGEMENT GUIDELINES THAT BALANCE CATTLE AND 
TIMBER PRODUCTION WITH ECOLOGICAL INTERESTS IN THE BLACK HILLS 
OF SOUTH DAKOTA 
KURT M. CHOWANSKI 
2016 
Forested lands contribute to the United States (US) economy by providing 
livestock and timber production. Livestock grazing of forested lands has been widespread 
throughout the western US since the settlement era, and currently occurs on 51.4 million 
hectares (ha) representing 16% of all US grazing land and 22% of all US forested land 
(Nickerson et al. 2011). While livestock grazing and timber harvest are occurring on a 
substantial amount of forested land, relationships between management practices, tree 
stocking, timber production, forage production, livestock grazing, wildlife, aesthetics, 
and ecological integrity are not well documented. Whether considering timber or cattle, 
finding a balance between production and resource conservation is a fundamental 
challenge to agricultural producers, and is often a tradeoff between short term gains and 
long term sustainability. This dissertation aims to identify livestock and timber 
management practices that optimize production and are ecologically conservative.  
Specifically, I focused on three objectives. First, I reviewed the published 
literature and summarized what is known about best-practices for concurrent 
management of livestock and timber production in pine forests in the US. I found most 
studies came from the southeastern and western US where timber and livestock 
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production on the same land unit are common. The relationship between pine cover and 
forage seemed fairly consistent across the US, and production was optimized when cattle 
grazed open canopy forests with basal areas between 5 and 14 m2 ha-1 (15-35% tree 
canopy cover). 
Second, I developed forest cover maps to estimate forage production in the Black 
Hills, South Dakota (SD) for the period from 1999 to 2015. I developed a regression 
model based on Landsat and Ikonos satellite imagery and was able to detect large 
changes in forest cover over time. I then used these maps in combination with maps of 
soil type and Palmer Drought Severity Index (PDSI) to update forage production 
estimates for the region. These changes in forest cover have large implications for forage 
production in the Black Hills. Over the 15 year period, mean tree cover decreased in 181 
pastures in the Mystic Ranger District by 17.6 ± 0.6%, and there was a corresponding 
15.5 ± 0.6% increase in mean forage production.  
Third, I conducted a 2 -year field experiment in the Black Hills, SD to study the 
relationships between management practices such as livestock stocking rates, grazing 
pressure, and timber harvest history, and aspects of resource condition such as tree 
regeneration, forage production, and plant community composition. From 2014-2015, I 
visited 44 pastures across a spectrum of management practices and measured seedling 
regeneration (590 plots), plant species richness (393 plots), primary production (246 
plots), and visual obstruction (120 transects). I found that cattle grazing did not affect 
ponderosa pine regeneration. Grazing did affect plant diversity, and I found the highest 
plant diversity in areas of moderate grazing pressure. This work suggests that moderate 
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stocking rates should have no effect on the timber industry but could positively affect 
native plant diversity.  
In the conclusion, I summarize what I learned from the literature review, mapping 
exercise, and field study and provide some management recommendations based on this 
work. Overall, I found that updated forage production estimates based on satellite 
imagery, and using grazing pressure index (GPI) to identify optimal stocking rates are 
tools that can facilitate management of livestock and timber production in the Black 
Hills, SD.  
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Introduction 
The combined annual economic value of the forest product industry and the beef 
cattle industry in the United States (US) is over $300 billion. Livestock graze 51.4 
million hectares (ha) of forest land in the US, representing 16% of all grazed land, and 
22% of forest land nationally (Nickerson et al. 2011).  Similarly, there are 310 million ha 
of forest land suitable and available for timber harvest representing 68% of all forest land 
in the US (Oswalt and Smith 2014). The value of forest ecosystem goods and services 
have been estimated at $989 ha-1 yr-1 and include food production ($43 ha-1 yr-1), raw 
materials ($138 ha-1 yr-1), and recreation ($66 ha-1 yr-1) (Costanza et al. 1997). The forest 
land that supports both timber and livestock production is largely used for cow-calf beef 
cattle production and high value sawtimber. Most of the livestock grazing of forested 
lands occurs in the western US (Nickerson et al. 2011), while forest land supporting 
timber harvest is split more evenly between the western, northern and southern US 
(Oswalt and Smith 2014). Livestock grazing and timber harvest in forests of the western 
US has been occurring since the settlement era of the late 1800s and early 1900s. For 
example, in the Black Hills of South Dakota (SD) 50,000 cattle and horses were grazing 
in 1902 (Rowley 1985), and the first federal timber sale on 2,122 ha was harvested 
between 1899 and 1908 (Ball and Schaefer 2000). There is renewed interest in multiple 
use of forest land to include timber and livestock production, conservation, preservation, 
and recreation. Unfortunately, relationships between livestock and timber management 
practices, and resource condition are not well understood. Identifying practices that 
balance economic and ecologic interests has potential to improve sustainable resource 
use, and resource conservation. Finding this balance between economic profits and 
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conservation could facilitate land management decisions for livestock and timber 
producers and public land stewards. 
The goal of this dissertation is to develop guidelines for livestock and timber 
management that balance production and conservation. Ideally, this would be done with 
an economic analysis that would evaluate timber production, livestock production, 
recreation, and ecosystem goods and services such as nutrient cycling, water 
conservation, and wildlife habitat such as was done by Costanza et al. (1997). Such a 
complete evaluation of ecosystem goods and services is beyond the scope of this 
dissertation.  Rather, I focused on balancing timber production, cattle production, and 
plant diversity and structure.  This is an important first step towards better resource 
management because these have typically been considered separately in this region. 
Towards that goal, I 1) explore livestock and timber management strategies that 
optimize economic returns from the combined production of livestock and timber on the 
same land unit, 2) develop a forest cover model to update estimation of herbaceous 
forage production and facilitate livestock stocking rate decisions, 3) explore relationships 
between livestock use, timber harvest history, and resource condition, and 4) highlight 
some best-management practices I found. This dissertation is presented in 3 chapters and 
a conclusion.  
Concurrent livestock and timber production occurs in the western and 
southeastern US, where the forested lands grazed by livestock tend to be open pine 
forests capable of producing high value sawtimber. Despite differences in climate, land 
productivity, ecosystems, and management goals, there are some similarities across 
regions. There are similar relationships between tree cover and forage production across 
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these regions; as tree cover increases, forage production decreases. Forage production 
influences livestock production, and links tree cover and timber harvest to livestock 
production. There are also similar ranges of forest cover that maximize livestock and 
timber production across regions. In the southeastern US, there is more private land, and 
producer goals may include multiple use as a way to increase economic returns. In 
contrast, the western US has more public land, where multiple use is the goal and may 
not necessarily be aligned with a best economic use. 
Current tree cover data is critical to estimating forage production and 
understanding effects of livestock management practices. I focus on the Black Hills 
National Forest (BHNF) in the Black Hills, SD because of the long history of grazing and 
timber production, and well documented timber harvest methods and livestock grazing 
practices. In the Black Hills National Forest, livestock stocking rates are based on forage 
production estimates made in the 1960’s (M. Vedder, BHNF range program manager, 
March 7, 2014). While stocking rates have been adjusted over time based on estimation 
of forage utilization, forage production estimates have not been updated. Forest cover 
maps can be combined with soil and climate data to estimate forage production in the 
forested lands. There are three datasets of forest cover encompassing the Black Hills: one 
is for the year 2000 (Hansen et al. 2013), and the other two are from the National Land 
Cover Database for 2001 and 2011 (Homer et al. 2007, Homer et al. 2015). 
Unfortunately, these datasets are not directly comparable and are not representative of the 
current forest cover. Since 2000, loss of forest cover in the Black Hills associated with 
timber harvest, wildfire, and tree mortality from mountain pine beetle has affected more 
than 400,000 ha, representing roughly 66% of the forested land in the Black Hills. In 
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Chapter 2, I developed a temporal series of forest cover maps for the Black Hills. I used 
high resolution imagery to calibrate lower resolution imagery and produced forest cover 
maps from 1999 through 2015. These cover maps were then used in combination with 
soil and climate information to estimate forage production as a function of tree canopy 
cover, soil type, and favorability of the growing season. 
While grazing of forested lands has been occurring since the settlement era, 
relationships between management practices and resource condition are not well 
documented. Livestock grazing of forested lands has been associated with both increasing 
and decreasing: 1) tree cover and pine regeneration, 2) forage production, and 3) floristic 
diversity. In Chapter 3, I combined the annual estimates of forage production with 
livestock use data in a field study of 44 forested pastures grazed by livestock in the Black 
Hills National Forest. In 2014 and 2015, I measured pine regeneration, forage production, 
and plant community composition across gradients of livestock stocking rates, grazing 
pressure, and length of the grazing period. This study is unique in livestock grazing 
research due to: a) number of pastures (44) and livestock producers/managers (22), b) 
inclusion of 6 independent livestock exclosures (average size of 700 ha), and c) a 
replicated regression approach that includes pastures across a range of grazing 
management practices. 
In the conclusion, I summarized what was learned from my dissertation and 
highlight management practices that could be used to optimize timber and livestock 
production while balancing aspects of resource conservation. 
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Chapter 1: Can southeastern US pine silvopasture inform western US forest and 
range management efforts to balance competing economic and ecological interests?  
Abstract 
Open tree spacing in pine forests promotes timber growth and forage production, 
providing economic opportunities for timber and livestock production on the same land 
unit. I reviewed literature to compare silvopasture practices in the southeastern United 
States (US) with livestock grazing practices in the western US forests because these are 
the principal areas in the US where livestock grazing and timber production are co-
located. I highlight those strategies that optimize timber and cattle production, while 
providing ecological benefits. Principals common to both western US and southeastern 
US systems include: 1) similar inverse relationships between forage production and tree 
cover, and 2) across several sites timber and livestock production were optimized in open 
canopy forests of tree basal areas between 5 and 14 m2 ha-1. Contrasting principals 
include: 1) fertilization practices are common in southeastern US silvopasture and may 
not be desirable or practical in western US forests, and 2) tree seedling establishment 
requires protection from livestock in the southeastern US, but not in the western US.  
Introduction 
Pine forests once stretched across much of the United States (US), with long-leaf 
and loblolly ecosystems dominating the southeastern US (Frost 2006) and ponderosa pine 
ecosystems dominating 11 million ha in the foothills of the Rocky Mountains, the Blacks 
Hills of South Dakota (AZ), and isolated mountains of Arizona (AZ) and Utah (UT) 
(Graham and Jain 2005). In the 20th century, many of these pine forests have been lost 
due to urban development, conversion to cropland (Van Lear et al. 2005), and 
unsustainable timber harvest (Fox et al. 2007). For the remaining pine forests, a general 
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increase in forest density has been attributed to fire suppression (Fulé et al. 1997) and 
livestock grazing (Belsky and Blumenthal 1997); however the effect of livestock grazing 
is still in question (Bakker and Moore 2007). Currently livestock grazing occurs on 51 
million ha of forest land in the US, representing 16% of all grazing land and 22% of all 
forest land in the nation (Nickerson et al. 2011). While preservation of intact pine forest 
ecosystems and restoration of degraded areas are useful conservation goals, wholesale 
protection is not always a viable option at landscape and continental scales. Lasting and 
meaningful conservation requires recognition of resource value; livestock and timber 
production on private and public lands may provide that economic value to conserve pine 
forest ecosystems. Open tree spacing of pine forests promotes timber growth and forage 
production, and creates an opportunity for sustainable livestock and timber production. 
Livestock and timber production on the same land unit commonly occurs in the western 
and southeastern US, because merchantable pine tree species occur in these areas (Figure 
1.1). Identifying management practices that balance production and conservation has the 
potential to affect conservation efforts at a continental scale. 
I focus on the pine forests of the western and southeastern US because the pine 
trees in these regions produce valuable sawtimber, and the forests are grazed by 
livestock. Concurrent livestock grazing and timber commonly occur on ponderosa pine in 
the western US, and on loblolly, slash, or longleaf pine in the southeastern US because 
the open tree spacing supports tree and forage growth. The Black Hills of western SD are 
given special attention because of their long and well documented history of combined 
livestock and timber production. Pine forests are well represented in both the western and 
southeastern US despite differences in climate and geology. In western North America, 
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Figure 1.1. Percent of forested grazing land in the United States (US) (Nickerson et al. 
2011) and extent of ponderosa pine in the western US, and longleaf, slash, and loblolly 
pine in the southeastern US (Little Jr 1971).  
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ponderosa pine (Pinus ponderosa) is found on roughly 1.6 million ha, and is well 
represented in the central and southern Rocky Mountains as well as in the Black Hills, 
SD (Figure 1.1) (McPherson 1997). Ponderosa pine is found on a variety of substrates 
including granitic, metamorphic, mixed igneous rocks, basalt, volcanic cinders, 
benmoreite, limestone, sandstones, siltstones, gypsum and shales (Welch and 
Klemmedson 1975, Froiland 1990, Covington et al. 1997, Laughlin et al. 2011). Longleaf 
pine (Pinus palustris) historically covered roughly 37 million hectares of the southeastern 
US coastal plain (Figure 1.1) (Frost 2006) where substrates are primarily sands with some 
clay, gravel and limestone (Bailey 1980). Southeastern US longleaf ecosystems included 
a mosaic of pine forest, sandhills, flatwoods, riparian sand ridges, sand rims, scarps, and 
fertile rolling lands (Frost 1993). Currently only 1.2 million ha of longleaf pine remain in 
isolated fragments (Van Lear et al. 2005). 
Differences in climate, productivity, and land ownership between the western and 
southeastern US have contributed to some different management practices. Thirty year 
normal precipitation is generally less than 50 cm yr-1 in the western US compared to 
more than 100 cm yr-1 in the southeastern US (Arguez et al. 2012). In the western US, the 
drier climate and lower productivity necessitate use of larger areas for profitable livestock 
and timber harvest. Large areas of western forests are in public ownership (Table 1.1), 
and the land area required for viable agricultural enterprises contributes to a management 
partition where livestock and timber management are generally considered separately, 
even when they occur on the same land unit. For many of the public lands in the western 
US, multiple use, not necessarily best use, is the goal; and uses are only occasionally 
prioritized, such as managing for threatened and endangered species. In contrast, in the  
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southeast, more moisture and higher productivity mean viable livestock and timber 
production can be done on a much smaller land area, most of which is privately owned 
(Oswalt and Smith 2014). The smaller area required and private ownership create a 
condition where the landowner can integrate livestock and timber management for the 
greatest economic returns. In this situation, the goal of the landowner may be to find the 
best or most profitable land use which may also include habitat conservation for fee 
hunting (Grado et al. 2001). 
Silvopasture is an agricultural practice that intentionally combines and intensively 
manages trees, forage, and livestock (Garret et al. 2009) to maximize economic returns. 
The combination of trees, forage, and livestock are managed as a system to optimize 
economic goals which can include payments for ecosystem services such as carbon 
sequestration (Holderieath et al. 2012), and phosphorus (Michel et al. 2007) and nitrogen 
(Bambo et al. 2009b) retention. In contrast, management of livestock and timber are 
considered separately for most forest land that supports livestock and timber production. 
Silvopasture is increasingly recognized as a sustainable and economically viable 
option for land owners because it can provide long-term investment in timber sales and 
annual income from livestock while maintaining wildlife habitat (Nair 1991, Nowak and 
Long 2003, Garret et al. 2009). At their best, silvopasture practices can protect native 
pine forests while simultaneously providing income from livestock and timber sales. 
However this protection of pine trees is not the same as restoring ecosystem functions 
present under the historic disturbance regime, because intensive management practices 
include cultivation, fertilization, irrigation, pruning and thinning. Silvopasture systems in 
the US are predominantly on private lands in the southeast. These areas are managed for 
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the production of slash, loblolly or longleaf pine, introduced forage species, and cattle 
(Figure 1.1). Interest in silvopasture systems is increasing in other areas of the US, 
including the northeast and midwest, which may include hardwoods, and other livestock 
such as sheep or goats (Bandolin and Fisher 1991). In 2012, silvopasture or alley 
cropping was practiced on 2,725 farms in the US with operations in 47 states (Vilsack 
2014). 
Silvopasture techniques may provide a starting point for development of 
management guidelines that optimize timber and livestock production in ponderosa pine 
forests. In this chapter, I used published literature to compare and contrast silvopasture 
practices in southeastern US pine forests with management practices where livestock and 
timber harvest practices are considered separately. Timber management in the western 
US has focused on reducing tree stocking and hazardous fuels to minimize wildfire and 
mountain pine beetle epidemics (USDA 1997), while livestock management has focused 
on maintaining plant species richness and limiting soil erosion (USDA 1997). In this 
case, management is unlikely to maximize timber or livestock production, or ecosystem 
services, such as wildlife habitat, nutrient cycling, and plant diversity. Despite some 
commonalities, sharing knowledge across the different regions has been challenging due 
to: 1) the large spatial extent, discontinuous nature and different ecologies of pine forests 
in the US, 2) different land ownership, and 3) different management goals. 
Natural and Anthropogenic Factors Affecting Timber Production 
Natural and anthropogenic factors, such as climate, forest regeneration, wildfire 
and fire prevention, and timber management affect timber production. Annual timber 
growing stock growth rates are 10 times higher in the Pacific northwestern US and 
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southeastern US than in the interior western US (Oswalt and Smith 2014); this is likely 
related to climate and favorability of growing conditions that regulate tree growth. While 
native pine forests once blanketed the southeastern US, unsustainable timber harvest, 
poor natural regeneration and declining soil and crop productivity contributed to the 
initial development of pine plantations in the southeastern US (Fox et al. 2007). Tree 
plantations are also common in the Pacific northwestern US and southeastern US, where 
20% of the forest land is planted (Table 1.1). In contrast, natural regeneration is the norm 
in the rest of the western US, where only about 1% of the forest land is planted (Oswalt 
and Smith 2014).  
Timber harvest and wood production. The Black Hills, SD was the site of the first US 
federal timber sale in 1899, and today virtually all of the federal forested lands in the 
Black Hills National Forest (BHNF) have had timber harvests (Ball and Schaefer 2000). 
The Black Hills timber industry produces dimension lumber, poles, posts, log homes, 
fiber products, industrial and domestic fuel, livestock bedding, and mulch with tree 
rotations in the 80 – 120 year range (Alexander and Edminster 1981, Shepperd and 
Battaglia 2002). In the Black Hills, the forest product industrial infrastructure provides 
opportunities for timber harvest and management treatments on private lands that are not 
always possible in other western US forests. Southeastern US timber products include 
pine straw, pulpwood, chip-n-saw, and sawtimber with tree rotations as short as 20 years 
for pulpwood and as long as 40 years for sawtimber (Gunter et al. 1987). 
The maximum timber production in western forests is generally less than that 
found in the southeast. In a ponderosa pine forest in Oregon (OR), thinning to 18 m2 ha-1 
or to a stand density index of 110 increased tree growth without decreasing stand value 
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(Oester et al. 2005). Ponderosa pine wood production was maximized when basal area 
was 14 m2 ha-1 in AZ (Clary et al. 1975). Saplings and poles in SD produced the most 
stemwood when basal areas were between 14 and 40 m2 ha-1 (Uresk et al. 2000). In the 
southeastern US, loblolly pine stemwood production was maximized when basal areas 
were between 20 and 35 m2 ha-1, recognizing that competition related mortality started 
when basal areas approached 30 m2 ha-1 and maximum basal areas attained under 
intensive management were 48 m2 ha-1 (Jokela et al. 2004). Regional difference in 
optimal basal area may be due to climate, where trees may need more area to minimize 
moisture limitations in more arid conditions (e.g. AZ). Tree growth rates are also likely 
related to length of growing seasons, with greater annual tree growth in areas with longer 
growing seasons (e.g. southeastern US). 
Wood production in southeastern US plantations has increased from 6 m3 ha-1 yr-1 
for plantations established around 1950 to 28 m3 ha-1 yr-1 for plantations established 
around 2000 (Fox et al. 2007). This is a result of intensive management practices, such as 
creating beds for seedlings, reducing competition from hardwoods and shrubs, 
fertilization, and improved tree genetics (Fox et al. 2007). Tree configuration, planted as 
single, double, or quadruple row, affects aboveground tree biomass production, with the 
most biomass being produced in the single row configuration (Ares and Brauer 2005). 
Silvopasture increases tree growth (Lewis et al. 1983) and forage production (Ares and 
Brauer 2005) compared to trees growing in ungrazed areas; however, this is likely related 
to fertilization and liming, and not livestock. Single, double, and quadruple row tree 
configurations produced more tree biomass with silvopasture and fertilization than for 
adjacent ungrazed and unfertilized plots planted with similar stand densities with 2.1m 
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spacing between trees (Ares and Brauer 2005). Tree stem growth was greater on pastures 
with planted grasses compared to native or volunteer grasses (Ares et al. 2003). 
Fertilization increased tree growth compared to unfertilized sites, while cattle grazing did 
not affect tree growth in either the fertilized or unfertilized sites (Lindgren and Sullivan 
2012). 
The effect of fire on timber production. Fire can affect timber yield, and fire 
suppression has generally decreased forest condition. Timber harvest and fire suppression 
have altered forest structure in both the western US (Cooper 1960, Fulé et al. 1997, Brown 
and Cook 2006) and southeastern US (Frost 1993, Van Lear et al. 2005, Fox et al. 2007). 
Historically, the Black Hills included a mosaic of meadows, open savanna, and dense 
closed canopy stands. The forest currently is dominated by a greater number of smaller 
diameter trees compared to the historic forest that was dominated by fewer larger diameter 
trees (Brown and Cook 2006). Similar changes in forest structure have been documented 
throughout western US forests (Moore et al. 2004). The mean fire interval or number of 
years between fires for Jewel Cave National Park in the southcentral Black Hills was 16 
years from 1388 to 1890, and represents a fire return interval 4 to 5 times greater than other 
ponderosa forests in the interior west (Brown and Sieg 1996). There is evidence of large 
stand replacing high severity fires in the Black Hills prior to 1900, however their frequency 
of occurrence remains unknown (Graves 1899, Parrish et al. 1996, Shinneman and Baker 
1997). Brown (2006) hypothesizes that fire disturbance fosters a heterogeneous open 
canopy forest structure in the Black Hills. In contrast, a fire return interval of 1 to 3 years 
in southeastern US longleaf pine limited fuel accumulation and low to moderate severity 
fires maintained the open savanna structure (Van Lear et al. 2005). High intensity fires in 
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the southeastern US may have arisen following major storms that felled many of the larger 
trees. 
Fire severity can have a profound effect on ponderosa pine regeneration. In the 
Black Hills, three years after a mixed severity fire, there was no regeneration in high 
severity burned areas. Low and moderate severity burned areas had 612 and 540 
seedlings ha-1 respectively (Lentile et al. 2005), which is within the US Forest Service 
management guideline for the Black Hills of 341 to 741 seedlings ha-1 to produce 
merchantable timber without intermediate thinning treatments (USDA 2006). Stand 
density index (SDI), tree density, and topography are good predictors of fire severity in 
western US forests, and should be considered when planning management prescriptions 
(Lentile et al. 2006). In comparison, natural regeneration of longleaf pine in the 
southeastern US is hindered by fire suppression, consumption of its seeds and roots of 
young trees, and competition from other vegetation (Frost 1993). Plantation planting and 
intensive management of loblolly, slash, shortleaf and longleaf pine remove barriers to 
natural regeneration and increase tree growth, thereby maintaining future timber value 
(Frost 1993). 
Pests and timber production. Pests and disease alter forest structure and 
decrease timber stand. Forest management attempts to reduce vulnerability to pests by 
thinning. The mountain pine beetle (Dendroctonus ponderosae), which is endemic to 
North America, can improve tree growth, and regeneration (Berryman 2012) while 
causing significant mortality to pine forests. Mountain pine beetle epidemics have been 
attributed with causing 90% mortality at the landscape scale (Parrish et al. 1996), with 
losses exceeding 50,000 trees per year, or 157,000 - 315,000 m3 of lumber per year in the 
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Black Hills over the course of one epidemic (Boldt and Van Deusen 1974). Density 
management of ponderosa pine forests may limit the number of trees affected by 
mountain pine beetle. Mortality associated with mountain pine beetle in ponderosa pine 
in OR was lower when basal area was less than or equal to 18 m2 ha-1 or SDI was in the 
lower management zone of less than 110 (Oester et al. 2005). This basal area and SDI 
also increased tree growth without decreasing stand value (Oester et al. 2005). In the 
Black Hills, ponderosa pine stands with basal areas greater than 27 m2 ha-1 are highly 
susceptible to mountain pine beetle infestation, while tree mortality was absent in stands 
with basal areas less than 27 m2 ha-1 (Schmid and Mata 1992). While mountain pine 
beetles are not found in the southeastern US, southern fusiform rust 
(Cronartiumquercuum f. sp.fusiforme) and southern pine coneworm (Dioryctria 
amatella Hulst) can cause significant mortality in pine plantations (Lewis et al. 1983). 
However, relationships between tree density and pest resistance in the southeastern US 
pine forests are not well documented. 
Tree regeneration and timber production. Adequate tree regeneration is 
important to maintaining timber productivity. Abundant Black Hills ponderosa pine 
regeneration every 2 -5 years, regardless of silviculture harvest system (Boldt and Van 
Deusen 1974), has been linked to reconstructed precipitation and global circulation 
models (Brown 2006). In the Black Hills, the timing and amount of summer precipitation 
coincide with optimal temperatures for ponderosa pine seed germination, often leading to 
levels of regeneration where thinning is required to prevent stagnation at sapling size 
(Boldt et al. 1983). Figure 1.2 illustrates high seedling densities, and the type of tight tree 
spacing that may arise from the high seedling densities. Ponderosa pine will regenerate  
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Figure 1.2. Pictures of the Black Hills National Forest Mystic Ranger District, Black 
Hills, SD illustrating high seedling density (top) and the type of tight tree spacing that 
may develop without thinning treatments.  
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under overstory densities up to 14 m2 ha-1, with a maximum seed dispersal distance about 
1.5 times the height of the parent tree (Shepperd and Battaglia 2002). 
Silvopasture may be practiced by planting trees in open pastures, or by thinning 
and establishing forage species in tree plantations. During tree establishment, tree 
mortality is reduced and growth rates are improved by sheltering the young trees with 
electric fences, or individual tree shelters (Sharrow 1997, Bendfeldt et al. 2001, Sharrow 
2001). To limit losses from mortality, seedling densities in silvopasture plantings can be 
in excess of 1000 seedlings ha-1 (Lewis 1989).  
Livestock Grazing in Timbered Lands 
Active management of tree densities plays an important role in determining livestock use 
of forested lands. Cattle use of forested land is correlated to amount of understory 
vegetation present (Julander 1955, Reynolds 1966, Kranz and Linder 1973), which is 
related to tree basal area (Pase and Hurd 1957, Jameson 1967, Clary et al. 1975, Tapia et 
al. 1990) (Figure 1.3), and canopy cover (Pase 1958, Jameson 1967, Mitchell and 
Bartling 1991). Ares et al. (2003) produced a model of grass production in relation to 
pine basal area in the southeastern US that is remarkably similar to understory production 
models from western US ponderosa pine forests (Figure 1.3). SDI has also been used to 
predict understory production for a variety of ponderosa pine stand structures and ages in 
AZ (Moore and Deiter 1992). In Florida (FL), open pastures without trees produced 
about 20% more dry weight forage than a silvopasture system with 225 trees ha-1; 
however, no difference in forage production was found between double row tree 
configuration with 3.66 x 3.305 x 15.24 m spacing (within row X between row X alley) 
and randomly thinned plots of similar tree density (Bambo et al. 2009a). 
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Figure 1.3. Relationship between forage production and tree cover in Arizona (yellow 
and orange), South Dakota (blue), and Louisiana (black). Tree basal areas that maximize 
the combined production of livestock and timber are indicated for Arizona (red box), 
South Dakota (blue box), and Florida (grey box).  
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Herbaceous productivity responds to short and long term forest structural 
changes. A site in the Northern Black Hills increased forage production by a factor of 6 
within 3 years of clearing (Thompson and Gartner 1971) or thinning trees (McConnell 
and Smith 1965). Production of many herbaceous species in the Black Hills, especially 
wheatgrasses and sedges, declined as growing stock levels of ponderosa pine increased 
(Uresk and Severson 1998). A similar pattern can be seen for understory plant cover in 
AZ, where an increase in ponderosa pine basal area from an average of 4 m2 ha-1 in the 
early 1900s to 29 m2 ha-1 in 2007 decreased understory plant foliar cover by 21% 
(Laughlin et al. 2011). Differences in soil properties in newly thinned forest and open 
pastures may account for some of the difference in forage production (Feldhake et al. 
2010). In contrast, increases in forage productivity in silvopasture settings are often 
related to forage management strategies such as fertilization or introduction of a nitrogen 
fixing legume, which improved forage productivity, and forage and soil quality more than 
fertilization alone (Karki et al. 2009). 
Livestock production is reduced under tree canopy cover in all systems, but 
individual animal performance is consistent. Reduced forage production under a tree 
canopy necessitates a reduction of animal days per unit area (Kallenbach et al. 2006) to 
decrease the potential of overgrazing; consequently, livestock production and total beef 
gain per unit area are reduced in the process. For example, increasing ponderosa pine 
basal area from 0 to 5 m2 ha-1 and 0 to 7 m2 ha-1 reduced cattle weight gain per unit area 
by 30% and 50% respectively in an AZ ponderosa pine forest (Clary et al. 1975). 
Lower cattle weight gains per unit area for silvopasture compared to open 
pastures (Lewis et al. 1983) was proportional to increases in tree basal area (Ares et al. 
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2003). For similar basal areas, stands with more trees per acre produced greater cattle 
weight gains (Ares et al. 2003). While total livestock production is reduced under tree 
canopy cover, daily weight gains for individual animals under silvopasture is comparable 
to open pasture. For example, forage production in a Louisiana (LA) silvopasture was 14-
19% less than open pasture, but individual cattle daily weight gain was comparable at 
0.56 kg day-1 (Clason 1999). 
Shade in forested lands may increase feeding time and weight gain during warm 
temperatures. Similar cattle performance between silvopasture and open pastures may be 
related to increased forage quality (Kallenbach et al. 2006) or increased foraging time 
(Karki and Goodman 2010). Crude protein is higher in shaded forage (Kephart and 
Buxton 1993, Kallenbach et al. 2006). In Arkansas (AR), tree row spacing of 4.9 m 
produced comparable amounts of forage with higher crude protein compared to wider 
spacing (Burner and Brauer 2003). Higher crude protein in summer forest forage, 
compared to grasslands, may contribute to elevated weight gain by cattle in forested 
summer pasture (Holechek et al. 1981). In contrast, Karki (2008) found lower forage 
quality in silvopasture than in open pastures in Georgia (GA), and linked this to 
fertilization practices. Cattle spent more time grazing in silvopasture and more time 
loafing in open pastures in Florida, possibly in response to shade and a reduction of heat 
stress (Karki and Goodman 2010). Shade may also reduce heat stress and increase 
grazing time in western forests; however, this phenomenon is not well documented 
because of challenges related to topography, access to water, and plant species 
distribution.  
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Cattle grazing impacts on ponderosa pine regeneration has been debated. Most 
research hypothesizes that cattle grazing increases tree density by reducing the understory 
vegetation competition which increases resource availability and results in increased tree 
recruitment (Rummell 1951, Zimmerman and Neuenschwander 1984, Belsky and 
Blumenthal 1997). On the other hand, Bakker and Moore (2007) present compelling 
documentation of cattle grazing maintaining an open park like forest structure. A 
comparison of five exclosures established in 1912 and resampled in 1941 and 2004 with 
adjacent grazed areas in ponderosa forests near Flagstaff, AZ demonstrated that cessation 
of grazing was associated with increased canopy cover, density, and basal area and 
decreased tree diameter at breast height (Bakker and Moore 2007). In the Black Hills, I 
found no significant relationship between ponderosa pine regeneration and livestock 
grazing intensities across 44 pastures (see Chapter 3), with abundant pine regeneration 
(Figure 1.2).  In the southeastern US, numerous studies have shown that sheltering young 
trees and their roots from trampling and browsing decreases tree mortality and increases 
tree growth rates (Sharrow 1997, Bendfeldt et al. 2001, Sharrow 2001). 
Cattle selectively graze available forage in ponderosa pine systems (Uresk and 
Paintner 1985). Of the 48 plants species identified in cattle fecal material, graminoids 
made up more than 50% of the cattle diet throughout the summer grazing season; over 
the summer, forb consumption declined from 30 to 6%, and shrub and tree consumption 
increased from 18 to 37%, likely in response to forage preferences and not availability 
(Uresk and Paintner 1985). In northeastern OR ponderosa pine forest, cattle diets 
included similar amounts of graminoids, forbs and shrubs throughout the summer grazing 
season (Holechek et al. 1982). 
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Other ecosystem goods and services 
Grazing effects on plant community structure should be considered if ecological 
integrity is an important element in forests. In an OR ponderosa pine and mixed conifer 
forest five years of grazing exclusion with and without prescribed fire increased: (1) total 
vegetation cover, (2) native perennial forb cover, (3) grass stature, (4) grass flowering 
stem density, and (5) the cover of some shrub species and functional groups (Kerns et al. 
2011). Long term impacts to ponderosa pine understories from settlement-era grazing 
have been minor in upland forests, but greater in riparian areas (Fornwalt et al. 2009). 
Floristic diversity was lower in long term grazing exclosures, however the difference was 
related to increased tree canopy cover and not cessation of grazing (Bakker and Moore 
2007). Changes in plant community composition during establishment of silvopasture 
from open pasture may be due to differences in air and soil temperature, and soil moisture 
(Karki et al. 2013). Projected temperature increases associated with climate change will 
likely increase cattle use of forested areas and forested riparian areas (Allred et al. 2013), 
and may create more impacts than previously seen. Livestock grazing in silvopasture 
settings alters plant community composition and herbaceous productivity. Cattle grazing 
in fertilized sites increased species richness and diversity and decreased forage volumes 
(Lindgren and Sullivan 2012). In contrast, grazing in unfertilized sites reduced species 
richness and diversity, but did not decrease forage volumes (Lindgren and Sullivan 
2012). 
Ponderosa pine ecosystems provide opportunities for hunting, wildlife viewing, 
other recreational activities, and aesthetics of forested lands. The coniferous forest of the 
Black Hills provides excellent habitat for deer and elk, and bison herds in Custer State 
Park and Wind Cave National Park. Forty-eight million kg of forage are allocated for 
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wildlife use sustaining 70,000 deer and 4,500 elk or other combinations consuming the 
same amount of forage (USDA 2006). Higher basal areas, tree densities, and SDI provide 
better thermal cover for wildlife (McTague and Patton 1989, Millspaugh et al. 1998, 
Deperno et al. 2002, USDA 2006). 
Southeastern US forests managed with silvopasture practices can sequester 
carbon, and reduce nutrient loss to surface and ground water, however it is not clear that 
silvopasture management does this better than other management practices for livestock 
grazing in forests. Carbon storage is greater under silvopasture systems than under open 
pasture (Nair et al. 2007b, Haile et al. 2008). Most of the increased soil organic carbon 
was derived from tree based components (Nair et al. 2007b, Haile et al. 2010). Nitrate 
leaching is lower in silvopasture systems than in traditional pine plantations or open 
pastures (Nair et al. 2007a, Bambo et al. 2009b). Differences in soil phosphorus and soil 
phosphorus holding capacity suggest that silvopasture systems may reduce soil 
phosphorus transfer to water bodies (Michel et al. 2007, Nair et al. 2007a, Nair et al. 
2007b). Silvopasture systems can improve soil quality though nutrient cycling and carbon 
storage, even in the absence of other soil management practices such as fertilization and 
liming (Nyakatawa et al. 2012). 
Economics 
Pine forests provide an important economic opportunity for timber and livestock 
production. Approximately 350,000 ha or 70% of BHNF is suitable and available for 
timber harvest (USDA 2006). For the decade ending in 2007, 66,000 ha were harvested 
yielding 1.5 million m3 of sawtimber (USDA 2008b). In 2011, tree growing stock volume 
in the BHNF was 45.3 5 million m3, equivalent to 98 m3 of volume per ha of forest land 
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(Walters et al. 2013). In comparison, there were 13 million ha of pine plantation in the 
southeastern US with 676.8 million m3 of timber in 2000 equivalent to 52 m3 of volume 
per ha of forest land (Fox et al. 2007). While tree volumes per land area are higher in the 
Black Hills, tree growth rates are 19 times greater in the southeastern US 
(24.49 m3ha-1yr-1) than in the Black Hills (1.29 m3ha-1yr-1) (Fox et al. 2007, Walters et al. 
2013).  Lawrence County, SD, where 90% of its 207,200 ha is coniferous forest, 
exemplifies the potential value of grazing conifer forests with nearly 12 million dollars in 
cattle receipts in 2007 (USDA 2009). There are 421,000 ha of suitable grazing land in the 
BHNF representing 83% of BHNF (USDA 2006). This land is expected to produce 106 
million kg of forage on a sustainable annual basis with 57.6 million kg allocated to 
livestock representing 128,000 animal unit months (USDA 2006). In 2009, 260 
permittees leased the suitable grazing lands in the BHNF (Hocking et al. 2010). While the 
Black Hills are an example of the value of livestock grazing of forest land, estimating the 
value of all the grazed forest land is particularly challenging because reporting of grazing 
on forest land only indicates the area on which it occurred, and does not include estimates 
of forest cover, forage production, or livestock use for the grazed forests. 
Forest structure can be manipulated to simultaneously optimize timber and 
livestock production. Combined livestock and timber production was maximized when 
basal area was 5 – 14 m2 ha-1 in the Black Hills (Uresk et al. 2000), and the combined 
economic value of livestock and timber production was maximized when basal area was 
10 - 14 m2 ha-1 in an AZ ponderosa pine system (Clary et al. 1975). For comparison, 
economic value of livestock and timber production in a FL silvopasture system was 
maximized at 14 m2 ha-1 (Lewis and Pearson 1987). The 5 – 14 m2 ha-1 basal area 
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corresponds to tree cover of 15-35% (Figure 1.4) based on equations linking ponderosa 
pine basal area to tree cover (Mitchell and Popovich 1997). In AZ and SD, the upper 
range of tree basal area that maximized combined livestock and timber production is the 
same as the lower range of tree basal area that maximized timber production alone (Table 
1.2). In contrast, in Florida the basal area that maximized combined livestock and timber 
production is less than the basal area for maximum timber production. In Georgia at mid-
rotation, timber and livestock production were optimized with a double row tree 
configuration with spacing of 1.2 X 2.4 X 12.2 m (within row X between row X alley) 
(Lewis and Pearson 1987, Lewis et al. 1989, Nair 1991). Specific thinning regimes and 
forage crops provide a range of options to optimize timber production, cattle production 
or both depending on producer goals (Clason and Robinson 2000). 
In the southeastern US, there are an estimated 40 million ha where silvopasture is 
capable of producing greater profits than timber or cattle production individually 
(Bandolin and Fisher 1991). Silvopasture may relieve annual cash flow problems 
associated with timber production, and incorporation of fee hunting improves land 
expectation values (Grado et al. 2001). Land expectation value is a discounted cash flow 
technique commonly used to estimate the present value of land in perpetual timber 
production, where timber harvest is considered as a perpetual periodic annuity. Harwell 
and Dangerfield Jr (1991) showed greater net present value for silvopasture than for pine 
plantation. In the Pine Ridge area of northwestern Nebraska, cattle weight gains and 
timber production were reduced in a silvopasture system, however the combined value 
was greater for the silvopasture system than under management for cattle or timber 
individually (Brandle et al. 2005). In contrast, Alavalapati and Mercer (2004) found very  
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Maximum timber and livestock 
production  
Maximum 
Timber 
Production 
Reference 
State 
Basal 
area   
m2 ha-1 
Trees 
ha-1 
 Mean 
diameter 
at breast 
height 
(cm) 
Basal area 
m2 ha-1 
Author Year 
Arizona 10-14 350-491 19 14 Clary et al. 1975 
South Dakota 5-14 274-767 15 14-40 Uresk et al. 2000 
Florida 13.6 909 14 20-35 Lewis and Pearson 1987 
Table 1.2 Basal areas that maximize timber production, and timber and livestock 
production reported for ponderosa pine forests in Arizona and South Dakota, and 
loblolly, slash and longleaf pine in Florida. 
 
Figure 1.4 Picture of ponderosa pine with tree canopy cover between 15-35% that 
corresponds to basal areas of 5-14 m2 ha-1 in the Black Hills National Forest Mystic 
Ranger District, Black Hills, SD.  
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little economic difference between pine plantation with and without silvopasture based on 
land expectation values and equivalent annual income. 
Establishment costs present a substantial financial barrier to new silvopasture 
operations. In the 1980s and 90s, much of the Conservation Reserve Program (CRP) 
funding in the southeastern US supported tree plantation establishment that replaced 
livestock on the landscape as CRP recipients sold their cattle herds. Currently, 
establishing a cattle herd is prohibitively expensive for a tree plantation, while 
establishing a tree plantation is also prohibitively expensive for a cattle producer (G. 
Owens, personal communication, February 10, 2014). An opportunity for silvopasture 
establishment may be timber producers leasing land to cattle producers if the value of the 
lease would both replace the revenue lost from lower timber production and be profitable 
for the livestock producer. 
The decision to choose a silvopasture system may include environmental benefits, 
species specific wildlife habitat improvement, and diversification of risk and profit 
(Alavalapati and Mercer 2004). Public demand for silvopasture environmental benefits 
has been estimated in Florida’s Lake Okeechobee watershed, where households were 
willing to pay $30-70 per year for 5 years to limit phosphorus transport to waterways, and 
sequester carbon (Shrestha and Alavalapati 2004). While silvopasture increased carbon 
storage, carbon trading does not currently provide an economic incentive for silvopasture 
adoption (Holderieath et al. 2012). A combination of phosphorus runoff taxes and carbon 
sequestration payments could make silvopasture economically competitive with ranching 
(Stainback et al. 2004), and make silvopasture an attractive land use option for longleaf 
pine restoration (Stainback and Alavalapati 2004). 
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Conclusions 
Traditional silvopasture used in southeastern US forests and timber and livestock 
practices in western pine forests exhibit some common principles. Models of understory 
forage production under tree canopy cover are similar between western US ponderosa 
pine and southeastern US pines as are tree spacing and densities that optimize timber and 
cattle production. Basal areas and tree densities which optimize timber and livestock 
production are below thresholds for elevated mountain pine beetle and fire risk. While a 
narrow range of basal area or canopy cover may maximize timber and livestock 
production, the full range of tree densities is better for plant diversity at the landscape 
scale (Uresk and Severson 1998) which is often good for livestock production.  
Different practices between silvopasture systems and forest management systems 
considering timber and livestock management separately include use of fertilizer, 
protection of regeneration, and use of introduced forage species. Fertilization may not be 
practical or desirable in western pine forests given their large area and rugged 
topography, and concern for maintaining native plant communities. While protection of 
young trees is important in silvopasture establishment, in some western pine forests, such 
as the Black Hills, regeneration is so abundant that tree mortality from trampling may be 
desirable. Introduced forage species are desirable for silvopasture, however introduced 
and invasive forage species are undesirable in many western pine forests. In contrast to 
silvopasture, active planting of particular improved forage species is not practical or 
desirable in western pine forests. Increases in carbon sequestration and reductions of 
nutrient leaching under silvopasture are associated with the addition of trees. Western 
pine forests already have the trees present and would require different mechanisms to 
increase carbon storage or reduce nutrient leaching. 
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Future studies are needed to learn more about the economics of optimizing timber 
and livestock production, and grazing impacts on plant community composition, forage 
production, and pine regeneration in western forests. Southeastern US silvopasture 
practices and western US livestock and timber management practices benefit from the 
other’s lessons. Silvopasture may provide enough economic incentive to become a 
valuable strategy for longleaf pine conservation and restoration. While low tree basal 
areas benefit livestock and timber production goals, a wider range may be desirable to 
maintain plant diversity.  
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Chapter 2: Estimating forage production with forest cover maps developed using 
Ikonos and Landsat 7 ETM+ imagery 
Abstract 
Forage production estimates, the amount of food available to wildlife and 
livestock, are important to wildlife and livestock management and are usually estimated 
by harvesting peak standing crop in small representative areas. Estimating forage 
production in forested landscapes is more complex than in grasslands because tree 
canopy cover is dynamic and strongly influences forage production. The extent of 
western United States pine forests, their complex topography, and heterogeneity of tree 
cover make it particularly difficult to estimate forage production using traditional field 
techniques. I developed forage production estimates for the 14,000 km2 ponderosa pine 
forest in the Black Hills, South Dakota (SD). To do this, I estimated annual forest cover 
for 1999 through 2015 using satellite imagery. High resolution Ikonos imagery was used 
to calibrate coarser resolution Landsat 7 ETM+ imagery. I developed a multiple linear 
regression model and a spectral mixture analysis model to predict forest cover from 
Landsat 7 ETM+ imagery, and evaluated the predictive capacity of each model. The 
multiple linear regression model was used to create a temporal series of forest density 
maps. I then used these forest cover maps, soil type, and the Palmer Drought Severity 
Index (PDSI) to estimate forage production in the Mystic Ranger District of the Black 
Hills National Forest. I found that forage production was spatially and temporally 
variable across the forest. Despite this variation, I found that the loss of forest cover in 
the Black Hills associated with timber harvest, wildfire, and mountain pine beetle have 
increased forage production in the Mystic Ranger District by 12% over the period of 
1999-2015. Similar increases in forage production are likely on other public and private 
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lands within the Black Hills, and should be considered in livestock stocking rate 
decisions. 
Introduction 
Setting an appropriate livestock stocking rate, animal units per area and time 
(Bedell 1998), is critical to sustainable livestock production (Holechek et al. 1989, Hart 
and Ashby 1998), and relies on forage production estimates. Estimating forage 
production in forested landscapes is more difficult than in non-forested landscapes 
because tree canopy cover is dynamic and greatly influences forage production (Pase 
1958, Jameson 1967, Mitchell and Bartling 1991). In forested landscapes, tree canopy 
cover maps can be used to estimate forage production (Pase 1958, Jameson 1967, 
Mitchell and Bartling 1991) and reduce uncertainty surrounding livestock management.  
Various models have been developed linking forage production to tree basal area (Pase 
and Hurd 1957, Jameson 1967, Clary et al. 1975, Tapia et al. 1990) and tree canopy cover 
(Pase 1958, Jameson 1967, Mitchell and Bartling 1991). Soil type and climate also 
influence forage production (Ensz 1991). Unfortunately, forage production estimates 
currently used by land managers in the United States (US) are often based on outdated 
data, and do not incorporate the most current forest cover maps from the year 2000 
(HTC) (Hansen et al. 2013) or those from 2001 and 2011 included in the National Land 
Cover Database (Homer et al. 2007, Homer et al. 2015). There are also consistency issues 
between these current tree cover maps. The HTC and the National Land Cover Database 
2001 data consider trees as any vegetation over 5 meters in height, while the National 
Land Cover Database 2011 data estimates tree cover only for areas classified as having 
trees. This lack of consistency complicates use of these current datasets to estimate forage 
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production. Furthermore, the decadal time scale of the National Land Cover Database is 
longer than desirable for optimal livestock management because forage production can 
increase in as few as 3 years after reductions in forest cover (McConnell and Smith 1965, 
Thompson and Gartner 1971). Development of a process to create annual satellite derived 
forest cover maps with a minimal annual delay, and that estimate tree cover in a 
consistent way may provide a novel tool to update current forage production estimates 
and facilitate livestock management decisions. 
Satellite based forest cover maps are more economical, accurate, and consistent 
than those created from ground based measurements. Traditional ground based density 
maps require extensive field campaigns that are both time consuming and expensive (Hua 
2003). Developing forest cover maps from remotely sensed data has historically required 
collection of ground data, which can be time-consuming and expensive. However recent 
work has established that high-resolution satellite imagery may replace the ground data to 
calibrate coarser resolution satellite imagery (Iverson et al. 1989, DeFries et al. 1997, 
Huang et al. 2001a, Hansen et al. 2002, Hansen et al. 2011). Satellite data is often blamed 
for poor accuracy between satellite data and ground data (Congalton 1991), however 
there can be substantial bias and positional errors associated with the collection of ground 
data (Ganey and Block 1994, Cook et al. 1995). Use of high resolution satellite imagery 
in lieu of ground data to produce satellite derived forest cover maps, can substantially 
reduce costs over traditional techniques, may be more accurate and spatially consistent, 
and can span decadal time scales not possible with ground based techniques. High 
resolution imagery from the Ikonos satellite has been used to estimate tree cover and 
calibrate imagery from Landsat satellites (Hansen et al. 2002, Hua 2003, Hansen et al. 
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2011). Hua (2003) classified Ikonos imagery into 4 cover classes, ponderosa pine, white 
spruce, deciduous trees, and non-vegetated areas, and linked the percent cover of each 
class to Landsat imagery using a multiple linear regression approach for a small area of 
the Black Hills, South Dakota  (SD) in 2000. Alternatively, forest cover maps have been 
developed by classifying Ikonos imagery into forest and non-forest cover, and linking it 
to Landsat imagery using a regression tree approach in Zambia in 2000 (Hansen et al. 
2002) and the United States (US) in 2008 (Hansen et al. 2011). Regression tree 
approaches produce slightly better results than multiple linear regression approaches for 
predicting forest cover based on 2 cover classes identified on 1 m resolution orthophotos 
(Huang et al. 2001b), however it is unclear how additional cover classes affect the results. 
Spectral Mixture Analysis (SMA) methods provide an alternative to regression 
approaches, and have also been utilized to estimate percent cover of various cover classes 
such as soil, vegetation and rural development from Landsat imagery (Alejandro and 
Omasa 2007, Dawelbait and Morari 2011). This approach is based on a fundamental 
physical principal of reflectance that the total reflectance measured at the sensor is equal 
to the sum of the reflectance from the various cover types that are present in the area 
being observed (Keshava and Mustard 2002). SMA is a blind approach where 
endmembers (pure surfaces with unique spectral signatures) are generally identified 
statistically or geometrically from the image itself (Bioucas-Dias et al. 2012). SMA 
approaches generally work best when the various surfaces are distinctly represented on 
the surface such as a checkerboard; performance suffers for more mixed surfaces 
(Bioucas-Dias et al. 2012). 
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The Black Hills, SD and associated Bear Lodge Mountains of eastern Wyoming 
(WY), hereafter referred to as the Black Hills, exemplify the need for updated forage 
production estimates. Current forage production estimates for livestock grazing pastures 
in the Black Hills National Forest (BHNF) were developed in the 1960s (M. Vedder, 
BHNF range program manager, March 7, 2014). Moreover, timber harvest (USDA 
2008a), wildfire (USDA 2012), and mountain pine beetle (USDA 2016) have decreased 
forest cover on over 30% of the Black Hills land area since 2000, and large scale changes 
in forest cover are observed on an annual basis. To understand the effects of grazing, and 
facilitate livestock management decisions in this area, current forest cover maps and 
forage production estimates are needed. I developed a multiple linear regression model 
(MLRM) and spectral mixture analysis model (SMAM) using Ikonos imagery to predict 
forest cover from Landsat 7 ETM+ imagery in the Black Hills. I evaluated both temporal 
and spatial differences in the predictive models. I compared my predicted cover results 
and tree cover data from 2000 (Hansen et al. 2013) to estimated cover from the Ikonos 
images. I developed a temporal series of forest density maps of the Black Hills from 1999 
to 2015, and used these in combination with soil and drought data to estimate annual 
forage production. This remote sensing approach provides current forage production 
estimates that can be used to investigate relationships between livestock use and resource 
condition, and facilitate livestock management decisions. 
Methods 
Study area. Forest cover was estimated for the forested area of the Black Hills, 
SD annually from 1999 through 2015, and forage production was estimated for each of 
the 181 livestock grazing pastures in the Mystic Ranger District (Mystic RD) of the Black 
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Hills National Forest (BHNF). The Black Hills encompass nearly 1.5 million ha, and 
ponderosa pine is the dominant tree species on approximately 600,000 ha (Froiland 
1990). The BHNF encompasses most of the tree covered area in the Black Hills. 
Resource management has been well documented in the BHNF, and it is the most 
intensively managed national forest in the nation (Hunter et al. 2007). Management 
includes livestock grazing, commercial timber harvest, intermediate thinning, fuel 
reduction thinning, and prescribed fire (Shepperd and Battaglia 2002). There are also four 
National Park Units which encompass 15,000 ha, and one large state park with 28,000 ha 
in the Black Hills. The rest of the forested land in the Black Hills is in private or 
municipal ownership. 
Ikonos imagery. I used 17 high-resolution 25 km2 multispectral Ikonos images 
broadly distributed throughout the Black Hills totaling 425 km2 (Figure 2.1). Images 
spanned the timeframe from 2000 through 2008 and represent the total time period of 
available imagery from the Ikonos satellite for the Black Hills with image acquisition 
between the months of June and October. Each Ikonos image was geometrically and 
radiometrically calibrated prior to receipt of the image. The 4 multispectral bands of the 
Ikonos imagery are: 1) blue 0.445–0.516 µm, 2) green 0.506–0.595 µm, 3) red 0.632–
0.698 µm, and 4) near infrared 0.757–0.853 µm. Ikonos multispectral pixel size is 3.46 m 
by 3.62 m. Each Ikonos image was individually classified with a thresholding technique 
based on normalized difference vegetation index (NDVI) into 4 classes: 1) non vegetated 
areas, 2) herbaceous vegetation, 3) deciduous trees, and 4) conifer trees (Table 2.1).  The 
herbaceous cover class has 3 discontinuous threshold ranges that correspond to open / dry 
vegetation, shaded vegetation, and moist / riparian vegetation, in order of increasing  
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Figure 2.1. Map showing the location of the 17 Ikonos images used (grey squares) in the 
Black Hills of South Dakota. The boundaries of the Black Hills National Forest (BHNF) 
ranger districts are shown (white). Livestock grazing pastures of the Mystic Ranger 
District (Mystic RD) are outlined in green. National Park units are outlined in black. The 
inset map of the United States shows the location of the Black Hills (red outline) in 
Wyoming and South Dakota. 
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  NDVI threshold used to classify each Ikonos image into four cover classes 
Ikonos 
image 
Non Vegetated 
Herbaceous 
Dry/Open,  Shaded,  Wet/Riparian 
Conifer Deciduous 
1 < 0.250 0.250 - 0.475, 0.550 - 0.600, > 0.735 0.475 - 0.550 0.600 - 0.735 
2 < 0.125 0.125 - 0.375, 0.550 - 0.600, > 0.735 0.375 - 0.550 0.600 - 0.735 
3 < 0.075 0.075 - 0.375, 0.550 - 0.600, > 0.735 0.375 - 0.550 0.600 - 0.735 
4 < 0.125 0.125 - 0.375, 0.550 - 0.650, > 0.735 0.375 - 0.550 0.650 - 0.735 
5 < 0.060 0.060 - 0.375, 0.550 - 0.650, > 0.735 0.375 - 0.550 0.650 - 0.735 
6 < 0.125 0.125 - 0.375, 0.550 - 0.650, > 0.735 0.375 - 0.550 0.650 - 0.735 
7 < 0.150 0.150 - 0.375, 0.550 - 0.650, > 0.735 0.375 - 0.550 0.650 - 0.735 
8 < 0.125 0.125 - 0.375, 0.550 - 0.650, > 0.735 0.375 - 0.550 0.650 - 0.735 
9 < 0.125 0.125 - 0.375, 0.550 - 0.650, > 0.735 0.375 - 0.550 0.650 - 0.735 
10 < 0.225 0.225 - 0.375, 0.550 - 0.600, > 0.735 0.375 - 0.550 0.600 - 0.735 
11 < 0.175 0.175 - 0.450, 0.550 - 0.600, > 0.735 0.450 - 0.550 0.600 - 0.735 
12 < 0.175 0.175 - 0.450, 0.550 - 0.600, > 0.735 0.450 - 0.550 0.600 - 0.735 
13 < 0.125 0.125 - 0.400, 0.525 - 0.600, > 0.735 0.400 - 0.525 0.600 - 0.735 
14 < 0.175 0.175 - 0.450, 0.550 - 0.600, > 0.735 0.450 - 0.550 0.600 - 0.735 
15 < 0.100 0.100 - 0.450, 0.550 - 0.600, > 0.735 0.450 - 0.550 0.600 - 0.735 
16 < 0.100 0.100 - 0.450, 0.550 - 0.600, > 0.735 0.450 - 0.550 0.600 - 0.735 
17 < 0.100 0.100 - 0.375, 0.550 - 0.650, > 0.735 0.375 - 0.550 0.650 - 0.735 
Table 2.1. Normalized difference vegetation index thresholds used to classify each of the 
Ikonos images into the four cover classes. 
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greenness. For each Ikonos pixel, a focal window of 11 by 11 pixels (38 by 40 m) 
centered on the pixel was used to calculate the fractional cover of each cover class 
following Huang et al. (2001b) and Hua (2003). This 11 by 11 pixel focal window is the 
smallest window that ensures inclusion of all Ikonos pixels intersected by the 
corresponding Landsat pixel. Fractional cover for each cover class was calculated as the 
number of pixels for each cover class in the 11 by 11 window divided by the total number 
of pixels in the 11 by 11 window (121 pixels). For example if there were 12 pixels 
classified as conifer trees in the focal window, then the fractional cover of conifer trees 
would be 12/121, or 9.9%.  
Landsat imagery. I used Landsat 7 ETM+ level 1 data collected in the same year 
and season as the Ikonos images. The 8 multi spectral bands of Landsat 7 ETM+ imagery 
are: 1) blue 0.45–0.52 µm, 2) green 0.52–0.60 µm, 3) red 0.63–0.69 µm, 4) near infrared 
0.77–0.90 µm, 5) short wave infrared 1.55-1.75 µm, 6) thermal infrared 10.40-12.50 µm, 
7) short wave infrared 2.09-2.35, and 8) panchromatic 0.52-0.90. I used all Landsat bands 
except bands 6 and 8. The thermal infrared wavelengths of band 6 are more appropriate 
for land surface temperature measurements and its spatial resolution is larger than for the 
other bands. Band 8 is a panchromatic combination of wavelengths from the other bands 
at a smaller spatial resolution. Each Landsat image used was cropped to be completely 
within the associated Ikonos scene, and then radiometrically calibrated and corrected with 
dark object subtraction (Chavez 1996) yielding at-surface reflectance. Clouds were 
removed from each image with a cloud mask. Ikonos and Landsat image acquisition 
dates, Landsat path/row, and region in the Black Hills are shown in Table 2.2. 
Linking Ikonos and Landsat data. Ikonos fractional cover data was linked  
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Ikonos Landsat Black Hills 
Image 
Date 
(yyyymmdd) 
Date 
(yyyymmdd) 
Path Row Region 
1 20000606 20000601 34 29 north 
2 20000921 20000914 33 30 south 
3 20001013 20001007 34 29 south 
4 20020701 20020702 33 29 central 
5 20020701 20020702 33 29 north 
6 20020701 20020702 33 30 north 
7 20020709 20020709 34 29 central 
8 20020709 20020709 34 29 north 
9 20020712 20020702 33 30 south 
10 20020825 20020920 33 30 south 
11 20020825 20020810 34 29 central 
12 20020825 20020810 34 29 north 
13 20040802 20040808 33 30 south 
14 20050816 20050827 33 29 central 
15 20050816 20050827 33 29 north 
16 20050816 20050827 33 29 north 
17 20080727 20080725 34 29 north 
Table 2.2. Ikonos image collection date, corresponding Landsat 7 ETM+ collection date, 
path and row, and general region within the Black Hills. 
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Figure 2.2. Flow diagram illustrating the model development from image classification 
through evaluation of different models. 
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Figure 2.3. Example of a 2.5 km2 area from Ikonos image number 1 showing the Ikonos 
image, Ikonos classified image, Ikonos aggregated conifer cover, and the corresponding 
Landsat image. The Ikonos classified image shows cover for each of the 4 cover classes: 
conifer cover (blue), deciduous (magenta), herbaceous (green), and non-vegetated (red). 
The Ikonos aggregated conifer cover shows rainbow percent cover from 0 (red) to 100 
(purple) for the aggregated 11 * 11 group of Ikonos pixels corresponding to the Landsat 
pixel. The same aggregation process was used for each cover class. 
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to Landsat data by using the centroid of the Landsat pixel to select the corresponding 
Ikonos pixel. I split the linked Ikonos and Landsat data into 2 datasets, training data and 
testing data, by selecting alternating pixels in a checkerboard fashion. The training 
dataset was spatially distinct from the testing dataset, and each dataset includes 226003 
data points covering an area of 203.4 km2. I used the training data to develop the 
predictive models. I used the testing data to evaluate the predictive capacity of the 
models. 
I used R version 3.3.1 (2016-06-21) (R Core Team 2016) for image processing 
using the RStoolbox and raster packages. I used the hsdar package for spectral mixture 
analysis model (SMAM) development. Geographic Information System (GIS) data was 
processed using ArcGIS (version 10.2) (ESRI 2013). 
Multiple linear regression model. For each cover class, I created a series of 
MLRMs between percent cover and Landsat 7 ETM+ bands 1, 2, 3, 4, 5, and 7, as a 
strictly empirical relationship. I developed 9 MLRMs, one for each region in the Black 
Hills (north, central, and south), one for each year of Ikonos imagery (2000, 2002, 2004, 
2005, and 2008), and one composite based on all of the Ikonos scenes combined.  Percent 
cover of each cover class was used to develop the MLRM using the linear model: 
Ci ~ LsatB1 + LsatB2 + LsatB3 + LsatB4 + LsatB5 + LsatB7, where 
Ci is the Ikonos fractional cover for the ith cover class, and 
LsatB1- LsatB7 is the reflectance for the respective Landsat band number.  
The resulting predictive model was normalized and constrained such that 
predicted cover values were between 0 and 1. The model was further constrained so that 
the sum of the 4 cover classes had to equal 1.  Normalization was used to reduce bias in 
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the predictive model. The MLRM was used to predict cover for the training data; this 
predicted cover was then used to identify coefficients to normalize the MLRM prediction. 
The MLRM was normalized as: 
(MLRM prediction – d) / e, where 
d is the y-intercept of a linear regression between the MLRM prediction and 
testing data, and 
e is the slope of a linear regression between the MLRM prediction and 
testing data. 
This process forces some values to become negative; these negative values were set to 0. 
This normalization creates values greater than 1, so the cover was then divided by the 
sum of all cover classes thereby preserving the relative proportions of each cover class 
Coefficients d and e normalize the multiple linear regression model, and are the intercept 
and slope of a linear relationship between the prediction (based on the initial MLRM) and 
the testing data cover. Different normalization coefficients were developed for each cover 
class. The cover value for each cover class was constrained to be between 0 and 1.  The 
sum of all 4 cover classes was constrained to equal 1. 
Spectral mixture analysis model. Similarly, I developed a spectral mixture 
analysis model (SMAM) between the percent cover and Landsat 7 ETM+ bands 1, 2, 3, 
4, 5, and 7. I calculated endmember spectra by using the linear relationship between 
reflectance (dependent variable) and percent cover (independent variable) for each cover 
class to estimate the endmember reflectance. Since the total reflectance observed is the 
sum of reflectance for each type of surface observed, the relationship between reflectance 
and cover can be used to identify the reflectance most strongly related to 100 percent  
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Figure 2.4. Illustration of estimating endmember reflectance using the relationship 
between reflectance and percent cover. In this example, the conifer cover endmember for 
reflectance from Landsat Band 5 wavelengths of 1.55-1.75 µm is estimated as the y-
intercept (0.2258) plus the slope (-0.1284), and would be 0.0974.    
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cover for a particular cover class. Then the endmember reflectance can be estimated as 
the intercept plus slope (Figure 2.4). The intercept represents background reflectance 
from the other cover classes, and the slope represents reflectance of the particular 
endmember. This relationship was used to develop endmember reflectance for each 
Landsat band of wavelengths and each cover class. I used the endmember spectra 
identified from the training dataset to predict percent cover for each cover class using a 
linear spectra mixture analysis on the testing dataset. 
Model evaluation. I evaluated the differences between predicted cover from the 
MLRM and SMAM models and the cover estimate of the testing dataset. I compared the 
HTC data to my training and testing data, and to my predicted cover data. I combined the 
regional MLRM predictions into one dataset to evaluate how predictions based on the 
regional MLRMs would compare to the composite MLRM, and did a similar process for 
the yearly MLRMs. To compare my MLRM and SMAM data to HTC, I had to convert 
my conifer cover and deciduous cover to tree cover, which I calculated as the sum of pine 
cover and deciduous cover for 2000. For the comparison between my predicted tree cover 
and HTC, I used the area of the 3 Ikonos scenes from 2000. I used root mean square error 
(RMSE) between the predicted value and the actual value as an indication of model 
prediction error and Pearson correlation coefficient r as an indication of model predictive 
capacity.  I used the y-intercept and slope from the linear relationship between predicted 
cover and testing data as an indication of bias, with the ideal relationship being predicted 
cover = testing data. 
Temporal series of cover maps. I developed an annual series of cover maps of 
the Black Hills for each cover class from 1999 through 2015 using the composite 
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MLRM. I used cropped Landsat scenes from July, August, and September of each year 
from path/row 33/29, 33/30, 34/29, and 34/30 because all four scenes are necessary to 
encompass the Black Hills. I estimated percent cover for each of the Landsat scenes, and 
then created a mosaic of the Black Hills. Multiple images were used to fill in missing 
data due to clouds or line scan data gaps, and to create the cover maps for the entire 
Black Hills. From 2003 onward, additional Landsat scenes were necessary to fill in line 
scan data gaps resulting from the failure of the line scan corrector that accounted for the 
forward motion of the satellite.  The images were combined using a mosaic tool, and 
when there was overlap between images, the minimum value was used. 
Estimating forage production. Forage production was estimated for each pasture 
in the Mystic Ranger District (RD) of the BHNF from 1999 through 2015 based on tree 
cover data, forage productivity estimates by soil type (Ensz 1991), Palmer Drought 
Severity Index (PDSI) (NOAA 2016), soil type spatial data (USDA 2000),and spatial 
pasture data (USDA 2003). I estimated forage productivity following the nonlinear forage 
productivity model developed by Mitchell and Bartling (1991) and incorporated soil type 
data and favorability of the growing season. Because I am making forage production 
estimates for thousands of small areas each with a unique soil type and tree cover 
combination, I incorporated the area for each soil type and tree cover to estimate total 
production in units of kg. The model developed by Mitchell and Bartling (1991) was: 
Y = 0.992a/1.021x, where  
Y is forage productivity in units of kg ha-1, 
a is the mean forage production measured under 0-10% tree canopy cover, and 
x is tree cover in units of percent.. 
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I incorporated forage productivity estimates for each soil type and favorability of growing 
season into the Mitchell and Bartling (1991) model to estimate forage production as 
Y = 0.992aij/1.021
x, where  
Y is forage productivity in units of kg ha-1, 
a is the forage productivity estimate based on soil type for a 0-25% tree canopy 
cover class (Ensz 1991), 
i is the soil type, 
j is the favorability of growing season, and 
x is tree cover in units of percent. 
Forage productivity estimates for each soil type in the Mystic RD include estimates for 
each of three growing condition classes (favorable, normal, and unfavorable) and each of 
three tree canopy cover classes (0-25%, 25-50%, and 50-100%) (Ensz 1991). The 
productivity estimates for each soil type for the 0-25% tree cover class were used for the 
forage productivity estimate. PDSI during the spring and summer (week 10 - week 18, 
March - August) was used to indicate favorability of the growing season. Moderate 
drought is indicated by PDSI ≤ -2 (Alley 1984), so growing seasons with PDSI ≤ -2 were 
considered unfavorable. Similarly, moderate wet is indicated by PDSI ≥ 2 (Alley 1984), 
so growing seasons with PDSI ≥ 2  were considered favorable.  Based on these PDSI 
criteria, unfavorable growing seasons occurred in 2004, 2005, 2007, 2012, and 2013, 
favorable growing seasons were in 1999, 2010, and 2014, and normal growing seasons in 
the remaining years. The favorable forage productivity estimate for each soil type was 
used for the forage production estimate in years with favorable growing seasons; normal 
and unfavorable productivity estimates were used for years with normal and unfavorable 
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growing seasons respectively. Pasture boundary spatial data was provided by the BHNF 
and included allotment and pasture boundaries, fence lines, water developments, and 
forest service roads. Spatial soil type data was also provided by the BHNF. The temporal 
series of forest cover maps were used for the tree cover data. ArcGIS (version 10.2) 
(ESRI 2013) was used to intersect pasture boundary data, soil type spatial data, and tree 
cover. This intersect yielded thousands of individual polygons for each pasture with 
individual soil type and tree cover. These were used in the forage production model, and 
include area to estimate production in units of kg. This change from forage productivity 
(kg ha-1) to forage production (kg) was necessary to accommodate the variety of shapes 
and areas of the many thousand soil type and tree cover polygons within each pasture. 
Finally, forage production was estimated for each of the polygons with soil type, pasture, 
and tree cover, and was calculated as: 
Y = A * (0.992aij/1.021
x), where  
Y is forage production in units of kg, 
A is the area (ha) of the individual pasture, soil type, and tree cover polygon 
a is the forage productivity estimate based on soil type for a 0-25% tree canopy 
cover class (Ensz 1991), 
i is the soil type, 
j is the favorability of growing season, and 
x is tree cover in units of percent. 
For example, consider a 1 ha area with a Stovho silt loam soil type found in the Mystic 
RD, and 35% canopy cover.  This soil type has productivity estimates of 1345, 1008, and 
672 kg ha-1 for favorable normal and unfavorable growing seasons, respectively for the 0-
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25% tree canopy cover class. Depending on the favorability of the growing season, the 
forage production from this 1 ha area would be: 
Favorable production (kg) = 1 ha * 0.992 * 1345 kg ha-1 / 1.02135 = 645 kg 
Normal production (kg) = 1 ha * 0.992 * 1008 kg ha-1 / 1.02135 = 483 kg 
Unfavorable production (kg) = 1 ha * 0.992 * 672 kg ha-1 / 1.02135 = 322 kg 
The estimated forage production for each of these pasture, soil type, and tree cover 
polygons were summed by pasture to estimate total forage production for each of the 181 
pastures in the Mystic RD for each year. I used the RMSE of the tree cover prediction 
and reported error for the forage production model (8.5%) to calculate an upper and 
lower bound of the forage production estimate. 
Results 
Model evaluation. Regional, yearly, and composite MLRM predictions were 
better than the SMAM predictions as indicated by higher correlation coefficients (Table 
2.3, Figure 2.5). MLRM predictions were comparable to HTC with similar RMSE 
(~22%), and correlation coefficients (~0.6) (Table 2.3, Figure 2.5). The SMAM 
prediction had lower RMSE, low correlation, and high bias indicated by the high Y-
intercept and low slope. The MLRM and HTC had comparable RMSE (~0.2), correlation 
(≥0.54), and levels of bias. The similarity in bias is indicated by similar y-intercepts and 
slopes (Table 2.3). Relationships between predictions and testing data were different 
between regional, yearly, and composite MLRMs, SMAM, and HTC (p<0.0001). The 
composite MLRM predictions were related to the HTC 2000 data ((p<0.0001) with a 
correlation coefficient of 0.76. The composite MLRM prediction was higher than the 
HTC data at the low range (y-intercept 16.5), and lower than the HTC data at the upper  
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Cover Class Model Intercept Slope RMSE r 
Tree 
MLRM Composite 16.7 0.76 22.0 0.60 
MLRM Regional 16.8 0.75 22.5 0.59 
MLRM Yearly 12.8 0.78 23.6 0.58 
SMAM 49.6 0.07 10.9 0.14 
HTC 18.9 0.82 21.0 0.56 
Conifer 
MLRM Composite 14.1 0.66 22.0 0.56 
MLRM Regional 16.0 0.64 24.1 0.52 
MLRM Yearly 13.3 0.64 23.2 0.53 
SMAM 26.0 0.09 15.9 0.12 
Deciduous 
MLRM Composite 5.3 1.04 12.3 0.79 
MLRM Regional 5.2 0.81 11.2 0.74 
MLRM Yearly 5.5 0.72 12.2 0.66 
SMAM 22.5 0.17 8.9 0.27 
Herbaceous 
MLRM Composite 10.3 0.65 20.7 0.54 
MLRM Regional 12.1 0.60 21.0 0.51 
MLRM Yearly 11.6 0.66 22.0 0.53 
SMAM 22.5 0.04 6.6 0.13 
Non Vegetated 
MLRM Composite 2.8 0.56 5.8 0.50 
MLRM Regional 3.9 0.59 6.6 0.47 
MLRM Yearly 4.2 0.56 6.8 0.44 
SMAM 22.1 0.11 7.7 0.09 
Table 2.3. The Y-intercept, slope, and root mean square error (RMSE) for the linear 
relationship between the predicted cover and testing data for the MLRM, SMAM, and 
HTC for tree cover models for each cover class. Units of RMSE are percent and are the 
same units as predicted cover. MLRM Region is for the north central and south MLRMs. 
MLRM Year is for the MLRMs for 2000, 2002, 2004, 2005, and 2006. MLRM 
Composite is for the composite MLRM trained with all the training data. SMAM is the 
spectral mixture analysis model, and HTC is tree cover from 2000 (Hansen et al. 2013). 
Units of RMSE are percent and are the same units as predicted cover. 
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Figure 2.5. Predicted tree cover compared to the testing dataset for the composite 
MLRM, SMAM, and HTC models, and between the composite MLRM and HTC models. 
The prediction = testing data line (black) indicates the perfect fit. Colored lines represent 
the actual fit and dashed lines represent the actual fit ± the root mean square error 
(RMSE).   
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range (slope = 0.636) (Figure2.5). 
From a practical standpoint of estimating forage production from the tree cover 
model predictions, there is very little difference in forage estimates based on the tree 
cover predictions from any of the MLRMs. For the Mystic RD, the difference in forage 
production estimates based on the composite, regional or yearly MLRM forest cover 
estimate is substantially smaller than error associated with any of the MLRMs. This is 
considerably less than the forage production estimated error of plus 57% or minus 37% of 
the forage production estimate calculated using the RMSE (22% for the composite 
MLRM). Therefore, I used the composite model to estimate tree cover throughout the 
Black Hills annually from 1999 through 2015. Annual cover maps for each cover class 
for the Black Hills are shown in Appendix II-V. 
Change in tree cover and forage production. For the 181 pastures in the Mystic 
RD, mean tree cover decreased from 40.2 ± 0.6% (mean ± 1 standard error) in 1999 to 
22.6 ± 0.7% in 2015 for a loss of 17.6 ± 0.6%, which is a 43.8% decline. Only 3 pastures 
did not experience a net loss of tree cover for the period (Figure 2.6). The areas with the 
largest losses were burned in the Jasper Fire in 2000 and the Battle Creek Fire in 2002. 
Net forage production estimates for the Mystic RD increased in accordance with 
the loss of tree cover (Figure 2.7). Mean forage production for the 181 pastures in the 
Mystic RD increased by 12.3 ± 1.5% from 499,066 ± 37,069 kg in 1999 to 560,549 ±  
39,146 kg in 2015. This change in productivity was also affected by the favorability of 
growing seasons; 1999 was favorable and 2015 was normal (Figure 2.8). The net change 
in forage production estimates between 1999 and 2015 for individual pastures was not 
always positive (Figure 2.7). Some pastures experienced a net loss of forest cover and a 
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Figure 2.6. Percent loss of mean tree cover from 1999 to 2015 for each pasture of the 
Mystic RD. All pastures had a loss of forest cover. The pastures with the most loss in the 
southwest area of the Mystic RD were burned during the Jasper Fire in 2000. 
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Figure 2.7. Changes in forage production from 1999 to 2015 for the pastures in the 
Mystic RD. The pastures with the most gain in the southwest area of the Mystic RD were 
burned during the Jasper Fire in 2000. 
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Figure 2.8. Palmer Drought Severity Index (PDSI), mean tree cover and total estimated 
forage production for the Black Hills National Forest Mystic Ranger District. For PDSI, 
dots represent mean growing season values for the Black Hills region.  For tree cover and 
forage production, dots represent pasture means.  Vertical bars are ± 1 standard error.  
Blue trend lines are loess best fit curves, and grey area is ± 1 standard error. 
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net loss of forage production. Annual production estimates for each pasture in the Mystic 
RD are shown in Appendix I. Most of the decrease in mean tree cover for the Mystic RD 
pastures occurred between 1999 and 2005 (Figure 2.8). Similarly, increases in forage 
production occurred between 2000 and 2004. Forage production estimates also change in 
response to the favorability of the growing season. For example, forage production was 
greater in 2006 than in 2005 likely due to a change from unfavorable to normal growing 
seasons (Figure 2.8). 
Discussion 
The MLRM models developed, and tree cover maps produced are more current 
than other datasets of tree cover for the BHNF (Huang et al. 2001b, Hansen et al. 2002, 
Homer et al. 2007, Hansen et al. 2011, Hansen et al. 2013, Homer et al. 2015). Use of 
these current forest cover maps can facilitate livestock management decisions by 
updating forage production estimates and helping to identify an appropriate stocking rate. 
Forage production estimates currently used for the Black Hills were developed in the 
1960’s (M. Vedder, BHNF range program manager, March 7, 2014) and do not account 
for the large scale changes in forest cover that occurred from 1999 – 2015 (Figure 2.7 and 
Figure 2.8). This work illustrates the importance of developing current forest cover maps 
and using them to estimate forage production. 
Model evaluation. Model performance between regional, yearly and composite 
MLRMs were similar. Even though there were significant differences between each 
model’s predictions (Table 2.3), the difference in predicted cover from the MLRMs lead 
to small differences in estimated forage production for the relevant management unit of 
livestock grazing pastures in the Mystic RD. The simplicity and practicality of using one 
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composite model combined with the small difference in forage production estimates 
prompted use of the composite MLRM for development of the temporal cover maps of 
the Black Hills. 
Model performance of the SMAM was not as good as the MLRM (Table 2.3). 
Low Pearson correlation coefficients for SMAM predictions compared to testing data 
(0.09 – 0.27) are likely the result of the models difficulty to effectively distinguish 
between cover classes indicated by 75-85% of predicted cover values near 25% for each 
of the four cover classes. SMA models perform best on surfaces with clear distinctions 
between the endmembers (Bioucas-Dias et al. 2012) such as a checkerboard pattern 
because the reflected light is only interacting with one endmember material. As the 
endmembers on the observed surface become highly mixed, SMA model performance 
suffers (Bioucas-Dias et al. 2012). In the Black Hills the herbaceous vegetation, conifer 
and deciduous trees, and non-vegetated areas are well mixed and likely contribute to the 
poor SMAM performance I observed. The linear SMA approach I used seems to be 
poorly suited for the surface mixtures observed in the Black Hills. Tree shadow projected 
onto the ground have been effectively used in SMA approaches in open semi-arid 
woodland to predict tree cover (Yang et al. 2012); however this is not appropriate in the 
Black Hills were tighter tree spacing often results in tree shadows being vertically 
projected onto adjacent trees. Furthermore, the endmember spectra I used for each cover 
class, likely contain reflectance from the other cover classes, which may have contributed 
to poor SMAM performance. There are a plethora of disparate SMA approaches that 
could be explored (Keshava 2003, Bioucas-Dias et al. 2012), however MLRM model 
performance comparable to other tree cover predictions (Huang et al. 2001b, Hansen et 
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al. 2002, Yang et al. 2012, Hansen et al. 2013) limited the desirability of pursuing SMA 
approaches. 
MLRM performance was comparable to other work using high resolution satellite 
imagery to train lower resolution satellite imagery. The RMSE between the predicted tree 
cover and the testing data for my MLRMs (22-23.6%) were more than the 10.97% 
reported for a regression tree algorithm to train Landsat imagery with Ikonos imagery 
(Hansen et al. 2002), however they were comparable when HTC (Hansen et al. 2013) was 
compared to my training and testing data. The mean absolute difference between 
predicted tree cover and the testing data for my composite MLRM (18.1%) was higher 
than reported values for a regression tree model (9.92-11.65%) and linear model (10.14-
13.15%) using higher resolution orthophoto imagery to train Landsat imagery (Huang et 
al. 2001b). The Pearson correlation coefficients for my MLRMs (0.58-0.6) (Table 2.3) 
were a little lower than those reported (0.7-0.89) for the models using higher resolution 
orthophoto imagery (Huang et al. 2001b), however were higher than for the HTC 
compared to my testing data (Table 2.3). My MLRM models had comparable levels of 
bias as the HTC data compared to my testing data. The level of bias was also similar 
between my MLRM and a SMA approach using tree shadows in semi-arid woodlands 
(Yang et al. 2012). While the composite MLRM model would estimate lower forage 
production than the HTC 2000 data for the year 2000, the similarity in predictive capacity 
and level of bias between my MLRM model and other datasets suggests that the 
predictive capacity of the composite MLRM was adequate. 
Change in tree cover and forage production. The forest cover maps produced 
with the composite MLRM show changes in tree cover. While changes in tree cover 
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associated with wildfire can be quantified, it is difficult to distinguish between change 
associated with timber harvest, and mortality from mountain pine beetle. Salvage timber 
harvest has been occurring in the Black Hills in areas with recent mortality from 
mountain pine beetle, and the cutting date is not always available. Reductions in forest 
cover are associated with changes in forage production, however forage production does 
not always increase for the relevant livestock management unit even when there is a net 
loss of tree cover, and is counterintuitive.  This can occur because soil type also 
influences forage production, so the soil type productivity estimate where the change in 
forest cover occurs influences the production. Furthermore, the forage production model 
is nonlinear, so changes in forage productivity are also related to the initial tree cover. In 
general more productive soil types had lower tree cover than less productive soil types.  
Thus when comparing total forage production in a pasture, small increases in forest cover 
on the more productive soil types can have a larger effect on net pasture forage 
production than large losses in forest cover on less productive soil types. 
Forage production estimates are sensitive to both changes in tree cover and 
favorability of the growing season.  Increases in forage production can be seen from 2000 
to 2004 (Figure 2.8), and are related to the changes in tree cover since those years were 
normal growing seasons based on the PSDI criteria.  The effect of climate on forage 
production can be seen between 1999, which was a favorable growing season, and 2000, 
which was a normal growing season (Figure 2.8). Tree cover and forage production 
decreased from 1999 to 2000, indicating that growing season favorability has a strong 
influence on forage productivity estimates.  Similarly, increases in forage production are 
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evident during transition periods from unfavorable to favorable growing seasons with 
little change in forest cover as observed for 2013 to 2014. 
These forage production estimates could be used as a planning tool to facilitate 
stocking rate decisions in response to drought, because forage production is related to 
climate and is important to managing stocking rates to avoid overgrazing during droughts 
(Smart et al. 2007). During 2013, a severe drought as indicated by PDSI, one permittee 
grazing in the Mystic RD realized that his calves lost weight at the end of this 
unfavorable growing season (personal communication, Stan Rennard, June 2014). If this 
permittee had a current forage production estimate for his pastures during drought, he 
could have adjusted his stocking rate and avoided unnecessary production losses. These 
forage production estimates, and the methods used to develop them, could be used to 
explicitly estimate livestock stocking rates during such an unfavorable growing season, 
and could help avoid overgrazing and unnecessary loss of cattle production.  
Using current tree cover maps to estimate forage production is important to 
reducing uncertainty over livestock stocking rates to avoid both overgrazing and 
underutilization of available forage. Most of the change in tree cover I observed occurred 
between 1999 and 2004 (Figure 2.8). The large changes in tree cover and forage 
production I show for the Mystic RD are likely also present throughout the Black Hills. 
For the period from 1999 to 2015, there has been a net loss of tree cover and a net gain in 
forage production associated with that loss. Moving forward, it will be important to 
continue estimating tree cover and forage production regularly to avoid overgrazing 
during periods when tree cover increases and forage production decreases. 
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Chapter 3: Identifying relationships between livestock grazing, plant diversity, 
forage production, and pine regeneration in a ponderosa pine forest 
Abstract 
Livestock grazing on forest land in combination with timber production is 
common in many western United States (US) pine forests, however management 
practices that balance timber and cattle production with aspects of ecological integrity 
have not been documented. Forest management in the western US has generally focused 
on maximizing timber yields while manipulating tree stocking and fuels to minimize 
wildfire and mountain pine beetle risks. Grazing management has focused on maximizing 
sustainable cattle production within a range of environmental considerations such as 
limiting soil erosion, and maintaining native plant diversity. Understanding the 
relationship between cattle grazing practices and forest condition can reduce 
uncertainty for sustainable and efficient provisioning of ecosystem goods and services; 
and when coupled with monitoring, can provide feedback for adaptive management. I 
investigated relationships between 16 years of cattle grazing history and plant community 
composition, forage production, forage stature, and ponderosa pine seedling recruitment. 
I surveyed grazed meadow and forest sites in 44 pastures over two years in the Black 
Hills, South Dakota (SD) across gradients of duration and timing of cattle use, cattle 
stocking rates, and grazing pressure index (GPI). I found statistically significant 
relationships between GPI and plant richness, plant diversity, and relative plant cover, 
where the highest richness diversity and cover values were at intermediate levels of 
grazing pressure. I did not find any significant relationships between livestock 
management practices and forage production, forage stature or ponderosa pine seedling 
recruitment. These results suggest that 1) GPI can be used to identify stocking rates 
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which balance livestock production and plant diversity, and 2) ponderosa pine 
regeneration in the Black Hills, SD is independent of cattle grazing influence. 
Introduction 
Livestock grazing of forested land is widespread in the western United States 
(US) occurring on more than 51.4 million hectares (ha), or about 16% of all grazed land 
in the US and is roughly split between private and public ownership (USGAO 2005, 
USDA and NRCS 2009). Widespread settlement era overgrazing and resource 
degradation seen on the Great Plains of North America were also prevalent on these 
forested grazing lands (Rowley 1985). This is particularly true in regions such as the 
Black Hills, South Dakota (SD), where the forest is intricately intermixed with large 
expanses of native prairie. Maintaining biological diversity in these grazed forests is 
important to timber producers (Society of American Foresters 1991), livestock producers 
(Society for Range Management 2002), and public land managers (as indicated by the 
National Forest Management Act of 1976). Since the creation of the National Forest 
Lands in 1891, management considerations have included: 1) maintaining and improving 
the quality of the forest resource, 2) providing livestock access, and 3) sustainable 
multiple uses of timber production, livestock production, recreation, and conservation of 
biological diversity (Rowley 1985). While there are legal mandates to manage forest 
grazing to maintain native plant diversity, the best way to do this is unclear. Grazing by 
large herbivores has been shown to alter plant diversity and productivity in grasslands 
and savannahs (Belsky 1992, Hartnett et al. 1996, Bakker et al. 2006, Jacobs and Naiman 
2008, Koerner et al. 2014), however it is not clear that theoretical relationships between 
grazing intensity and plant diversity (Milchunas et al. 1988, Milchunas and Lauenroth 
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1993), and forage productivity (Augustine and McNaughton 2006) developed in non-
forested ecosystems are valid in forested systems. While changes in plant community 
composition, reduced forage cover and increased pine recruitment in western pine forests 
have been attributed to livestock grazing (Rummell 1951), most research compares 
grazed and ungrazed areas and is poorly replicated (Stohlgren et al. 1999). Relationships 
between grazing practices and resource condition in forested systems have not been well 
documented (Hester et al. 2000). Understanding relationships between grazing 
management practices and resource condition is critical to making informed management 
decisions in forested systems. 
Effects of grazing on plant community composition in grasslands is better 
documented, however most work relies on the dichotomy between grazed and ungrazed 
sites (Belsky 1992, Collins et al. 1998, Stohlgren et al. 1999, Bakker et al. 2006), or a few 
levels of grazing intensity (Laliberté et al. 2013). In grasslands, grazing increased species 
richness by decreasing graminoid cover and allowing greater success of forbs (Grime 
1979, Belsky 1992, Bakker et al. 2006). In another study, species richness at the 1 m2 
scale decreased while remaining unchanged at the 1000 m2 scale following cessation of 
grazing (Stohlgren et al. 1999). Changes in species richness associated with grazing may 
be related to the traits and number of dominant grasses (Koerner et al. 2014), where areas 
with few dominant grasses are more likely to respond to changes in grazing regimes. 
Changes in plant species composition from grazing were greatest for sites with the 
highest productivity and forage consumption, and longest evolutionary history of grazing 
(Milchunas and Lauenroth 1993). Bakker et al. (2006) showed that grazing decreased 
species richness for sites with low productivity, and increased species richness for sites 
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with higher productivity. In contrast, Laliberté et al. (2013) found decreasing species 
richness from grazing for sites with productivity higher than those used by Bakker et al. 
(2006). Many of these studies support the Intermediate Disturbance Hypothesis (IDH) 
(Connell 1978), where grazing acts as a disturbance and diversity and productivity are 
enhanced by moderate levels of grazing, but when pastures are overgrazed there is a 
decline in diversity and productivity (Milchunas and Lauenroth 1993). However, this 
pattern may result from a competition-colonization trade-off independent of the IDH 
(sensu Fox (2013)) where grazing can reduce the dominance of grasses and allow good 
colonizers to coexist (e.g. Laliberté et al. 2013). Whatever the mechanism, these studies 
show that even in grasslands, relationships between species richness and herbivory is 
more complex than a simple grazed vs ungrazed site comparison can evaluate. 
Similar to grassland sites, reported effects on species richness of livestock grazing 
forest land have focused on the dichotomy of grazed vs ungrazed sites (Rummell 1951, 
Brockway and Lewis 2003, Bakker and Moore 2007, Fornwalt et al. 2009, Kerns et al. 
2011). In general, livestock use of forested areas increases when there is more understory 
vegetation present (Julander 1955, Reynolds 1966, Kranz and Linder 1973), however 
identifying relationships between livestock grazing and species richness and productivity 
is complicated by forest structure. In ponderosa pine forests, floristic species richness 
changes in relation to tree cover and is greatest when tree basal area is low (Uresk and 
Severson 1989). However at the landscape scale species richness is greatest when areas 
of high tree basal area are present (Uresk and Severson 1989). Forage production is 
negatively related to forest density measured as basal area (Pase and Hurd 1957, Jameson 
1967, Clary et al. 1975, Tapia et al. 1990, Ares et al. 2003), canopy cover (Pase 1958, 
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Jameson 1967, Mitchell and Bartling 1991), stand density index (Moore and Deiter 
1992), or number of trees per area (Bambo et al. 2009a). In a longleaf pine forest in 
Alabama, four years of grazing did not alter species richness or productivity compared to 
sites that had not been grazed for more than 40 years (Brockway and Lewis 2003). 
Similarly cessation of grazing for five years did not alter species richness compared to 
sites grazed for more than 50 years in a ponderosa pine and mixed conifer forest in 
Oregon; however forb cover and grass stature increased following cessation of grazing 
(Kerns et al. 2011). Fornwalt et al. (2009) found no difference in species richness 
between areas that excluded grazing and those where settlement era grazing occurred in a 
Colorado upland ponderosa forest. Similarly, there has been no change in species 
richness following nearly 100 years of grazing exclusion in an Arizona ponderosa pine 
forest (Bakker and Moore 2007). In a silvopasture setting, cessation of grazing reduced 
species richness and diversity in fertilized sites, but not in unfertilized sites (Lindgren and 
Sullivan 2012). In contrast, grazing reduced species richness and diversity in an Oregon 
ponderosa pine forest (Rummell 1951). As in grasslands, effects of livestock grazing in 
forests is complicated, and comparisons of grazed vs ungrazed sites should also include 
measures of grazing intensity, grazing history, productivity, and tree cover. 
While there may be mixed evidence for grazing effects in forests at the pasture 
and plot scale, many attribute landscape scale changes in forest structure of US pine 
forests to livestock grazing (Rummell 1951, Zimmerman and Neuenschwander 1984, 
Belsky and Blumenthal 1997, Bakker and Moore 2007). Livestock grazing may increase 
forest density through a reduction of herbaceous plant cover, thereby increasing water, 
nutrient and sunlight resources available for pine regeneration (Rummell 1951, 
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Zimmerman and Neuenschwander 1984, Belsky and Blumenthal 1997) and altering 
historic fire regimes (Savage and Swetnam 1990, Belsky and Blumenthal 1997). 
Alternatively, trampling by livestock may reduce seedling survival, resulting in lower 
forest density (Bakker and Moore 2007). 
Setting an appropriate livestock stocking rate (animal units per area and time 
(Bedell 1998)) has implications for vegetation management, livestock production, 
wildlife, and economic return (Holechek et al. 1989). Quantifying livestock management 
practices is vital to identifying relationships between management practices and resource 
condition. However, it is challenging to compare studies with different stocking rates and 
forage productivity when categorical grazing intensities of light, moderate, and heavy or 
grazed and ungrazed are reported in lieu of a stocking rate and forage production 
estimate. Additional challenges to drawing inference from grazing studies includes 
inadequate replication, small exclosures and sampling areas, and subjective location of 
exclosures (Stohlgren et al. 1999). Grazing pressure index (GPI) has been suggested as a 
useful way to compare stocking rate studies and explicitly quantify categorical 
descriptors of grazing intensity when stocking rates and estimates of forage production 
are available (Smart et al. 2010). GPI has been negatively related to cattle daily weight 
gain (Hart et al. 1988, Hart and Ashby 1998, Smart et al. 2010), and used to quantify 
economically optimal stocking rates for a range of forage production estimates (Hart et 
al. 1988, Hart and Ashby 1998). GPI may be especially useful in forested landscapes 
where forage production is spatially heterogeneous with extreme variability within 
pastures and between adjacent pastures with similar stocking rates. 
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I hypothesize that grazing management practices, identified as recent livestock 
use, influence plant community composition, forage production and stature, and 
ponderosa pine regeneration. To test this hypothesis, I evaluated the influence of grazing 
management practices on plant diversity, forage production and stature, and ponderosa 
pine regeneration in a grazed pine forest. I used forage production estimates from Chapter 
2, which modeled forage production as a function of tree canopy cover, soil type and 
climate. I quantified management techniques by compiling 16 years of USFS Distribution 
and Grazing Instructions planned and reported use data. Management practices quantified 
are duration of occupancy, stocking rate, GPI, timing of use, pasture size, and the 
proportion of herbaceous production from non-forested area. I addressed how these 
practices are related to plant community composition, forage production, plant stature, 
and pine regeneration. Compilation of 16 years of grazing records allowed me to compare 
recent livestock grazing use to 2 years of field measurements of plant diversity, forage 
production, plant stature, and ponderosa pine regeneration. This approach allows 
evaluation of a range of grazing intensities, and replication at a landscape scale and 
between different livestock producers that is conspicuously absent in grazing study 
reports exemplified by Teague et al. (2011). The identified relationships can be used to 
facilitate livestock grazing management decisions in forested systems, and the approach 
used could be implemented in grasslands and rangelands. 
Methods 
Study area. The Black hills formed during the Laramide mountain-building 
episode between 65 and 35 million years ago, and substrates include Precambrian granite 
and metamorphic rocks, Paleozoic limestone, and Mesozoic sandstones, siltstones and 
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shales (Froiland 1990). Elevation of the Black Hills ranges from 900 m to 2200 m 
(Froiland 1990). Annual average precipitation ranges from 390 to 700 mm (Froiland 
1990), with 65-75% occurring as rain or snow between April and September (Froiland 
1990). Average annual temperatures range from 47 degrees F at lower elevations to 36 
degrees F at the higher elevations (Froiland 1990).  Summer temperatures can reach 100 
degrees F and winter temperatures can be below -15 degrees F (Martner 1986). 
The Black Hills include elements of 4 North American biomes: cordilleran, Great 
Plains, Northern Coniferous, and eastern Deciduous (Froiland 1990). While ponderosa 
pine is the most abundant tree, white spruce, lodgepole pine, limber pine, and juniper are 
also present (Froiland 1990). Areas of mixed grass prairie and montane grasslands occur 
throughout the Black Hills. Little bluestem and western wheatgrass are common native 
grasses, while smooth brome, Kentucky bluegrass, and timothy are common nonnative 
grasses in the Black Hills (Larson and Johnson 2007). 
Resource management has been well documented in the 500,000 ha Black Hills 
National Forest (BHNF) and it is the most intensively managed national forest in the 
nation (Hunter et al. 2007). Current and past management strategies in the BHNF include 
livestock grazing, commercial timber harvest, intermediate thinning, fuel reduction 
thinning, and prescribed fire (Shepperd and Battaglia 2002). Approximately 421,000 ha, 
or 83%, of the BHNF are suitable and available for cattle grazing, with 128,000 animal 
unit months (AUM) allowed (USDA 2006). The current BHNF land and resource 
management plan allocates 50% of the estimated annual forage production to livestock 
and wildlife, and 50% to resource conservation (USDA 2006). Approximately 449,000 
ha, or 89%, of the BHNF is essentially pure stands of climax Rocky Mountain ponderosa 
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pine (Pinus ponderosa var. scopulorum Engelm), and 350,000 ha, or 70%, of the BHNF 
is suitable and available for timber harvest (USDA 2006). For the decade ending in 2007, 
66,000 ha were harvested yielding 656 million board feet of sawtimber (USDA 2008b). 
My study area encompassed the Mystic Ranger District (Mystic RD) of the BHNF 
in western South Dakota and eastern Wyoming (Figure 3.1). The Mystic RD supports 
24,000 AUM annually on 140,000 ha across gradients of elevation from 1000 to 2200 m. 
The Mystic RD is roughly rectangular in shape and is 40 km north to south and 50 km 
east to west. It is divided into 30 grazing allotments ranging in size from 830 to 11,230 
ha, with an average size of 3,835 ha. Within the 30 allotments, there are 181 pastures that 
range in size from 11 to 3,200 ha, with an average size of 627 ha. The average Mystic RD 
allotment size of 3835 ha is larger than the average 547 ha size of farms in South Dakota, 
and larger than 72% of the 14,306 farms producing beef in South Dakota (USDA 2014). 
Quantifying management practices. I compiled 16 years of USFS Distribution 
and Grazing Instructions from 1999 through 2014 for each of the 181 pastures in the 
Mystic RD. Sixteen years of livestock grazing records were used because plant 
community changes have been documented in comparable timeframes (Collins and 
Adams 1983, McNaughton 1983) and the format of the grazing records was different and 
not as complete prior to 1999. While it is USFS policy to have all of this data digitized, it 
was not available in digital form. The BHNF provided paper records of the Distribution 
and Grazing Instructions, also known as Annual Operating Instructions. For each pasture, 
the Distribution and Grazing Instructions include planned and actual use as number and 
class of animal (cow/calf pair, yearling, bull), number of days livestock are in the pasture, 
and livestock entry and exit dates. Planned data represents an annually agreed upon 
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Figure 3.1. Map of the Black Hills National Forest in the Black Hills of western South 
Dakota and eastern Wyoming. The 181 pastures of the Mystic RD are outlined in green 
(USDA 2003). 
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grazing plan for each pasture developed by the BHNF and the person permitted to graze 
livestock (permittee). Actual use data is reported by each permittee, and is typically 
handwritten on the forms. It is in the permittee’s interest to report when actual use is less 
than planned use because they are billed based on actual use. Planned use data was used 
when actual use data was missing. I derived number of animal units (AU), animal unit 
days (AUD), and AUD * ha-1 from the compiled planned and actual use data. Animal unit 
equivalents used in this study were 1.308 for cow-calf pairs, 0.692 for yearlings, and 1.5 
for bulls based on values used by the US Forest Service (U.S. Forest Service 1996). I 
combined the livestock use data with herbaceous forage production estimates developed 
in Chapter 2. GPI was calculated by dividing AUD by the estimated forage production 
for each pasture expressed as AUD*Mg-1 following Smart et al. (2010).  Timing of use 
has 5 categories, 1) ungrazed, 2) different timing each year, 3) spring use, 4) mid-summer 
use, and 5) late summer use. 
I use the term management practice to refer to any management variable that is 
within the control of the resource manager. Quantified management practices included: a) 
GPI, b) duration of occupancy, c) timing of use, d) number of animals, e) animals*ha-1, f) 
number of animals*days, g) number of animals*days*ha-1, h) AUD, i) AUD*ha-1, j) 
pasture size, and k) proportion of herbaceous production from non-forested area. I did not 
make any adjustments based on livestock accessibility because water sources were 
adequate and pasture areas were less than 1.6 km from a water source, a threshold for 
reduced livestock use (Holechek et al. 1989). Areas with steeper slopes did not contribute 
substantially to the forage production estimates. While environmental variables, such as 
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precipitation, elevation, slope, and aspect, likely impact plant diversity and herbaceous 
productivity, I did not include these in this analysis. 
Study pastures. Data to investigate the influence of the management practices on 
resource condition, were collected from 44 pastures in the Mystic RD of the BHNF 
(Figure 3.2). Pastures were broadly distributed throughout the Mystic RD of the BHNF, 
and spanned a range of GPI (0 - 26.73) and days of occupancy (0-83) representative of 
the Mystic RD. Six pastures had not been grazed by livestock for periods ranging from 10 
to 25 years, and were considered analogous to grazing exclosures due to the length of the 
period of no grazing. These ungrazed pastures had GPI of 0 AUD*Mg-1. Thirteen 
pastures were consistently grazed (12 or more of the last 16 years) at the same time each 
year. Of the 13 pastures grazed at the same time each year, four were typically grazed in 
the early summer, four in midsummer, and five in late summer. The grazing periods of 
the remaining 25 pastures varied yearly. The 38 grazed pastures had GPIs of 2.14 - 26.73 
AUD*Mg-1, and days of occupancy of 8 - 83 days, representing ranges commonly 
encountered throughout the western US. 
Data collection. I estimated plant community composition, peak standing crop, 
vegetation stature, and ponderosa pine regeneration in 2014 and 2015. Plots were 
randomly selected using the create random points tool in ArcGIS (version 10.2) (ESRI 
2013). Within each pasture, I randomly selected 3 non-forested locations, hereafter 
referred to as meadow plots. Meadow plots were constrained to be in soil types that are 
considered to be within the rangeland soil group and with less than 5% tree cover. 
Meadow plots were further constrained to be at least 250 m from water sources. I also 
randomly selected 3 forest plots within each pasture that were at least at least 250 m from 
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Figure 3.2. Map of the Mystic RD showing grazing pressure index (GPI) for each pasture 
and indicating the pastures surveyed. Ungrazed pastures have GPI of 0 (blue) and the 
most intensively grazed pastures have GPI greater than 30 (red). Surveyed pastures are 
indicated with a black dot. 
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water sources and less than 500 m from a meadow plot. 
I surveyed plant community composition at each of the 3 meadow plots and 3 
forest plots between June and July for 22 pastures in 13 allotments in 2014. In 2015, I 
repeated the sampling in the pastures sampled in 2014, and sampled an additional 22 
pastures for a total of 44 pastures in 23 allotments. I estimated plant community 
composition at each plot by classifying each plant species occurring in a square 1 m2 
quadrat into one of seven cover classes based on Daubenmire (1959): 1) < 1%, 2) 1-5%, 
3) 5-25%, 4) 25-50%, 5) 50-75%, 6) 75-95%, and 7) 95-100%. Cover class estimates of 
plant litter and bare ground were also included. I used the midpoint of the cover classes to 
estimate mean foliar cover. Plant species richness was calculated as the number of plant 
species found in each 1 m2 quadrat.  Forb, graminoid, and native plant species richness, 
the number of forb, graminoid, or native plant species found in each 1 m2 quadrat 
(respectively), were also determined. Shannon Weiner diversity index (H) was calculated 
as 𝐻 = ∑ 𝑝𝑖 ln (𝑝𝑖)
𝑆
𝑖=1
, where pi is the proportion of the ith plant species, and S is the 
number of plant species. Plant evenness was calculated as H/log(plant species richness). 
I estimated peak standing crop and plant stature in August and early September 
before cattle were turned into pastures. I was able to sample 11 pastures for peak standing 
crop and plant stature in 2014. In 2015, I was able to sample 23 pastures for peak 
standing crop, and 22 pastures for plant stature. Because the timing of pasture use 
generally changed from year to year, I was able to sample peak standing crop and plant 
stature in 8 of the pastures both years. Peak standing crop was estimated at each of the 3 
meadow and 3 forest plots, and vegetation stature at each of the 3 meadow plots in each 
sampled pasture. I estimated peak standing crop by harvesting all herbaceous vegetation 
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in 3 circular 0.25 m2 hoops randomly placed at each of the 6 plot locations. Biomass was 
clipped to ground level, oven dried at 60°C for 48 hours, and weighed to the nearest 
hundredth of a gram. Peak standing crop is reported in units of kg ha-1. Production 
capability varied substantially between different soil types, from 0 - 6052 kg ha-1 in the 
Mystic RD (Ensz 1991). Thus each production value was transformed into a normalized 
difference vegetation index, which was calculated as the measured biomass minus the 
predicted biomass divided by the measured biomass plus the predicted biomass. Predicted 
biomass production was calculated as described in Chapter 2: 
Forage productivity (kg ha-1) = 0.992aij/1.021
x, where 
a is the forage productivity estimate based on soil type for a 0-25% tree canopy 
cover class (Ensz 1991), 
i is the soil type, 
j is the favorability of growing season, and 
x is tree cover in units of percent. 
Favorable and normal growing season forage productivity estimates were used for the 
2014 and 2015 samples, respectively, based on the Palmer Drought Severity Index (see 
Chapter 2). Vegetation stature was estimated using visual obstruction readings (VOR) 
made along one 200 m transect at each of the meadow plots. Due to the long, and 
sometimes narrow, shape of meadows in the BHNF, VOR transects were oriented parallel 
to the longest axis of the meadow and kept to the center of meadows. Along each 
transect, VOR was measured at 20 points at 10 m intervals with 4 readings at each point 
using a modified Robel Pole with half inch bands (Benkobi et al. 2000, Uresk and 
Benzon 2007, Uresk et al. 2009a, Uresk et al. 2009b). 
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An additional 9 forest plots were randomly selected in each study pasture.  Each 
was at least 250 m from water sources and less than 500 m from a meadow plot.  These 9 
plots plus the 3 forest plots selected for plant community composition (see above) were 
used to estimate ponderosa pine seedling density. I counted seedlings in 44 pastures in 23 
allotments in May and June of 2014 and 2015 in a 10 m radius circle at each of the forest 
plots. Stems of all ponderosa pine more than one year old (i.e., no cotyledons present and 
stem woody) but with diameter at breast height DBH < 2.54 cm were tallied for the 
circular plot, and converted to number per ha. 
Statistical methods. I used R version 3.3.1 (2016-06-21) (R Core Team 2016) for 
model development and data analysis. I used lme in the nlme package to test a mixed 
effects model (Laird and Ware 1982) that allows for nested random effects where within 
group errors are allowed to be correlated and / or have unequal variance. Dependent 
variables included: 1) plant species richness, 2) Shannon Weiner diversity, 3) plant 
evenness, 4) relative plant cover, 5) peak standing crop, 6) VOR, and 7) ponderosa pine 
seedling density. Mean values were calculated for each pasture for meadow plots and 
forest plots for each dependent variable. Plant evenness was log transformed to meet 
assumptions of heteroscedasticity and normality. Independent variables included: 1) GPI, 
2) duration of occupancy, 3) timing of use, 4) animal units (AU), 5) animal unit days 
(AUD), 6) AUD*ha-1, 7) pasture size, 8) proportion of herbaceous production from non-
forested area, and 9) landscape (categorical meadow or forest plot location). I used a 
second order polynomial fit for GPI because exploratory analysis with Loess best fit 
curves indicated the relationship between GPI and the dependent variables could be 
quadratic in nature. None of the other management practices showed nonlinear 
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relationships.  Thus a second order polynomial relationship was only explored for GPI. I 
nested year, allotment, pasture, and landscape as the random effects to account for 
pastures within an allotment being more similar to each other than to pastures in different 
allotments. GPI and AUD*ha-1 were correlated (r=0.67); similarly AU and AUD were 
correlated (r=0.81). The correlations between these independent variables resulted in 
collinearity; therefore, I evaluated several different full models, and selected the best 
model as the one with the lowest Akaike Information Criteria (AIC) score. For each of 
the full models for each dependent variable, all possible combinations of independent 
variables with low correlation (r<0.5) were considered using a step function (stepAIC). 
The stepAIC function starts with all the independent variables and uses an algorithm to 
add and remove all variables and calculate AIC for all models. AIC was used to select the 
best fit model such that the simplest model with the lowest AIC score was chosen when 
the difference between models was not significant (p>0.05). For dependent variables 
where landscape was a factor in the best fit model, the dependent variable was evaluated 
for meadow and forest locations individually to select the best fit model for each 
landscape position. Six starting models were evaluated for each dependent variable. 
Independent variables included in those models (with changes highlighted in bold) were: 
1) GPI, AU, Duration of Occupancy, Timing of Use, Pasture size, proportion 
of herbaceous production from non-forested area, landscape, and all 
interactions, 
2) (GPI2 + GPI), AU, Duration of Occupancy, Timing of Use, Pasture size, 
proportion of herbaceous production from non-forested area, landscape, 
and all interactions, 
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3) GPI, AUD, Duration of Occupancy, Timing of Use, Pasture size, 
proportion of herbaceous production from non-forested area, landscape, 
and all interactions, 
4) (GPI2 + GPI), AUD, Duration of Occupancy, Timing of Use, Pasture 
size, proportion of herbaceous production from non-forested area, 
landscape, and all interactions, 
5)  (AUD ha-1), AU, Duration of Occupancy, Timing of Use, Pasture size, 
proportion of herbaceous production from non-forested area, landscape, 
and all interactions, 
6) (AUD ha-1), AUD, Duration of Occupancy, Timing of Use, Pasture size, 
proportion of herbaceous production from non-forested area, landscape, 
and all interactions. 
Results 
Plant diversity. Mean pasture plant species richness was 13.6 ± 0.41 species per 1 m2 
(mean ± 1 standard error) and ranged from 4.3 to 25.3 species per 1 m2. Mean pasture 
forb species richness was 8.5 ± 0.33 species per 1 m2 and ranged from 0.3 to 18.3 species 
per 1 m2. Mean pasture graminoid species richness was 3.6 ± 0.09 species per 1 m2 and 
ranged from 1 to 7 species per 1 m2. For meadow plots, mean pasture native plant species 
richness was 9.6 ± 0.6 species per 1 m2 and ranged from 1 to 19.7 species per 1 m2. For 
forest plots, mean pasture native plant species richness was 11.9 ± 0.6 species per 1 m2 
and ranged from 2.3 to 22.3 species per 1 m2.  The best fit model for plant diversity 
metrics (plant species richness, forb species richness, native plant species richness, 
Shannon Weiner diversity index, and plant evenness) were quadratic relationships with 
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GPI (Table 3.1). These measures of diversity were highest when GPI was between 15 and 
20 AUD*Mg-1, and lowest for the ungrazed pastures with GPI of 0 (Figure 3.3). For 
native species richness, landscape position (meadow or forest) was important for the best 
fit model (Table 3.1), and forested areas generally had higher native plant species 
richness than meadows.  In contrast, plant species richness, Shannon Weiner diversity 
and evenness were not influenced by landscape position. The best fit model for these 
measures of diversity did not include any other management variables. The lowest plant 
species richness was found in ungrazed pastures. 
Plant cover. Mean pasture relative plant cover was generally higher in meadows 
(72.0 ± 1.4%) than in forests (59.2 ± 1.8%). Similarly, mean pasture relative forb cover 
was generally higher in meadows (30.2 ± 1.9%) than in forests (22.3 ± 1.4%). In contrast, 
mean pasture relative native plant cover was generally higher in forests (46.3 ± 1.7%) 
than in meadows (35.7 ± 2.2%). The best fit models for relative plant cover, relative 
native plant cover and relative forb cover were quadratic relationships with GPI (Table 
3.1). Relative plant cover in meadow plots was not related to any management practice 
(Table 3.1). Landscape position was not important to relative native plant cover (Table 
3.1). In contrast, landscape position was important to relative forb cover (Table 3.1). 
Relative plant cover in forests, relative native plant cover, and relative forb cover were 
highest at intermediate GPI values (Figure 3.4). Relative graminoid cover was not related 
to any management practice (Table 3.1). 
Peak standing crop. Mean pasture peak standing crop was higher in meadows 
(3780 ± 254 kg ha-1) than in forests (1688 ± 111 kg ha-1). Similarly, mean pasture 
normalized difference productivity index was higher in meadows (-0.27 ± 0.06) than 
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Figure 3.3. Relationships between grazing pressure index (GPI) and species richness, 
native species richness, Shannon-Weiner diversity, and plant evenness. Mean values for 
forest plots (blue) and meadow plots (orange) are shown for each pasture. The black line 
indicates no difference between forest and meadow areas, while the blue and orange lines 
indicate difference between forest and meadow locations. The grey band is 1 standard 
error. 
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forests (-0.52 ± 0.05). Peak standing crop and the normalized difference productivity 
index were not related to any management practice (Table 3.1). 
Plant stature. Mean pasture VOR height was 16.7 ± 1.6 cm, and ranged from 3.7 
to 40.4 cm. There were no relationships between any management practices and VOR 
(Table 3.1). 
Ponderosa pine seedling density. Ponderosa pine seedling density ranged from 0 
to almost 28,998 seedlings per ha, with a mean of 1474 ± 135 seedlings per ha. 
Ponderosa pine seedling densities were not related to any of the management practices I 
quantified (Table 3.1). 
Discussion 
In this field study of livestock grazing and resource condition, I show that 
measures of plant diversity and plant cover are influenced by livestock grazing, 
specifically GPI. However forage productivity, plant stature, and ponderosa pine 
regeneration were not influenced by livestock grazing. GPI between 15 - 20 AUD*Mg-1 ± 
57% seemed to maximize plant species richness, native plant species richness, Shannon-
Weiner diversity index, plant evenness, and relative cover of plants, native plants and 
forbs. Categorical grazing intensities of light, moderate, and heavy correspond to 14, 24, 
and 40 AUD*Mg-1 for 6 sites in the North American Great Plains (Smart et al. 2010), and 
economically optimum GPIs have been suggested at 42 AUD*Mg-1 after a relatively 
short 6 year timeframe (Hart et al. 1988), and 35 AUD*Mg-1 over 55 years (Hart and 
Ashby 1998). The range of GPI where I observed maximum plant richness, diversity, 
evenness, and cover is below that identified as a sustainable and economic optimum GPI 
for livestock grazing in tallgrass prairie. The reason for this difference may be related to   
106 
 
Figure 3.4. Relationships between grazing pressure index (GPI) and relative cover of 
plants, native plants, forbs and graminoids. Mean values for forest plots (blue) and 
meadow plots (orange) are shown for each pasture. The black line indicates no difference 
between forest and meadow areas, while the blue and orange lines indicate difference 
between forest and meadow locations. The grey band is 1 standard error. Relative 
graminoid cover was not influenced by livestock grazing. 
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Figure 3.5. Peak standing crop and normalized difference vegetation index for meadow 
and forest areas across the range of GPI. Peak standing crop and the normalized 
difference vegetation index were estimated by harvesting biomass. 
 
 
Figure 3.6. Ponderosa pine seedlings density plotted with GPI and relative graminoid 
cover. The horizontal black lines represent an idealized range of ponderosa pine seedling 
density (370 – 741 seedlings / ha) expected to produce merchantable timber without 
intermediate thinning treatments.  
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inadequate replication (Stohlgren et al. 1999), as Hart and Ashby (1998) identify an 
optimum GPI based on one 128 ha pasture for each of three grazing intensities, while I 
replicated sampling in 44 pastures across a range of GPIs. My results are consistent with 
many studies and show increased plant diversity with grazing (Belsky 1992, Hartnett et 
al. 1996, Collins et al. 1998, Jacobs and Naiman 2008, Koerner et al. 2014). 
Plant diversity. I show that pastures without livestock grazing (GPI = 0) have 
lower species richness, native species richness, Shannon-Weiner diversity and evenness 
than the grazed pastures (Figure 3.3). While the relationship between GPI and plant 
evenness is statistically significant, the relationship is nearly flat, and is unlikely to be 
biologically significant. This suggests that the large observed relationship between GPI 
and Shannon Weiner diversity is not a response to a more even distribution of plant 
abundance, but rather a response to changes in plant species richness. My results are 
consistent with many grazing exclosure studies (Belsky 1992, Hartnett et al. 1996, 
Collins et al. 1998, Jacobs and Naiman 2008, Koerner et al. 2014). My results conflict 
with studies that found a decrease (Rummell 1951), or no change (Stohlgren et al. 1999, 
Brockway and Lewis 2003, Bakker and Moore 2007, Fornwalt et al. 2009, Kerns et al. 
2011) in species richness with grazing. The conflicting results may be related to use of a 
limited number of exclosures in other studies (Stohlgren et al. 1999). If I only included 
one grazed and one ungrazed treatment as occurred in several studies (Rummell 1951, 
Jacobs and Naiman 2008, Fornwalt et al. 2009), I might not have found significantly 
lower diversity associated with cessation of grazing. Alternatively, poor representation of 
the general landscape and or grazing regime in other studies may also be responsible for 
the conflicting results (Stohlgren et al. 1999). As an example, two exclosures at Wind 
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Cave National Park just south of the Mystic RD may not accurately represent the general 
landscape or grazing regime of Wind Cave National Park or of the pastures in my study. 
For these exclosures, there was no difference in between mean native species richness 
inside exclosures (6.5 species per m2) and outside exclosures (6.8 - 7.4 species per m2) 
(Stohlgren et al. 1999).  The richness inside these exclosures is similar to my ungrazed 
pasture mean (6.0 species per m2). However, the richness outside the exclosures is very 
different from my grazed pasture mean (11.3 species per m2) or Wind Cave National Park 
means (9-12.5 species per m2) observed between 2011 and 2014 (Ashton et al. 2012, 
Ashton IW et al. 2013, Ashton and Prowatzke 2014, Prowatzke 2015). Inadequate 
representation of grazing regimes may also have contributed to Kerns et al. (2011) 
finding no difference in species richness between grazed and ungrazed areas as spatially 
inconsistent grazing patterns were noted. 
Differences in overstory tree canopy cover, or length of grazing treatment may 
also explain some conflicting results. Bakker and Moore (2007) found no difference in 
species densities between grazed and ungrazed areas after accounting for differences in 
tree canopy cover of 52.4% in grazed areas and 28.1% in ungrazed areas. Mean tree 
cover on my forested plots was 28.6%, which may not have been high enough to reduce 
the positive effect of grazing on species richness. Changes in plant richness and diversity 
have been found in as few as 1 to 5 years following cessation (Belsky 1992, Jacobs and 
Naiman 2008, Koerner et al. 2014) or introduction (Hartnett et al. 1996) of grazing in 
grasslands. Forested systems, however, respond more slowly, with no significant changes 
until the 6th year of grazing exclusion on fertilized sites, no changes in 10 years in 
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unfertilized sites (Lindgren and Sullivan 2012), or 4 years following introduction of 
grazing (Brockway and Lewis 2003) on forested sites. 
My data suggests a range of GPI between 15 - 20 AUD*Mg-1 ± 57% (17-23% 
consumption of forage) will maximize plant species richness and diversity. The negative 
relationship between species richness and grazing intensity that Laliberté et al. (2013) 
show is for grazing intensities between 0.2 and 0.6 (GPI of 17 and 51 respectively), 
which do not include the ungrazed condition where I found the lowest species richness. 
Furthermore, the 0.2 grazing intensity (GPI 17) is in the range where I observed the 
highest species richness. For the range of GPI from 0 to 27, or grazing intensity from 0 – 
0.31, where 0 is ungrazed and 0.31 indicates that 31% of all forage is consumed, my data 
suggest increasing species richness up to a threshold grazing pressure between 0.18 and 
0.23 (GPI of 15 to 20) and then decreasing species richness (Figure 3.3) as predicted by 
the Intermediate Disturbance Hypothesis (Grime 1979).  
The mechanisms by which grazing increases species richness in forested systems 
may be different than in grassland systems. If the mechanism by which grazing increases 
species richness is a reduction in competition from graminoids, as suggested by others 
(Grime 1979, Belsky 1992, Bakker et al. 2006), then I would expect to see lower 
graminoid cover with increasing grazing intensity. While species richness, diversity and 
evenness increased with GPI, lack of a change in graminoid cover associated with any 
grazing management practice suggests that a reduction in graminoid cover is not the 
mechanism by which grazing increases plant richness in forested systems.  
 Peak standing crop and plant stature. My data showed no relationship between 
productivity and livestock grazing contrary to the general wisdom that increasing grazing 
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intensity decreases productivity (Launchbaugh 1967, Hart et al. 1988, Hart and Ashby 
1998, Derner and Hart 2007, Patton et al. 2007, Smart et al. 2007). The grazing pressures 
I observed may not have been high enough to diminish productivity. Alternatively, this 
could be related to the presence of non-native grasses that are more grazing tolerant. Lack 
of any relationships between vegetation stature and management practices suggests that 
grazing is not altering vegetation stature as measured by VOR, which integrates 
vegetation height and density of current and past year’s plant growth. The grazing 
regimes for the pastures I surveyed have been consistent for 16 years, and the ungrazed 
pastures for 10 to 25 years.  Changes in plant community composition have occurred in 
comparable timeframes (Collins and Adams 1983, McNaughton 1983). This suggests that 
livestock grazing pressures I observed are not altering species composition to favor 
shorter or taller plant species. 
Ponderosa pine regeneration. My finding of no relationship between ponderosa 
pine regeneration and grazing management practices is in contrast to work that links 
livestock grazing with increased pine density (Rummell 1951, Madany and West 1983, 
Zimmerman and Neuenschwander 1984, Savage and Swetnam 1990), decreased pine 
density (Bakker and Moore 2007), or decreased pine seedling densities (Zimmerman and 
Neuenschwander 1984). One issue that may contribute to different results is the number 
of grazing exclosures studied. Several studies have evaluated grazing effects on pine 
regeneration with only one ungrazed exclosure (e.g. Rummell 1951, Zimmerman and 
Neuenschwander 1984) or one grazed area (Madany and West 1983). If I only compare 
one ungrazed with one grazed pasture out of the 44 I visited, I could find combinations 
that would produce either positive, neutral or negative impacts on pine regeneration from 
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grazing. Similarly, Bakker and Moore (2007), who studied 5 grazed and ungrazed areas, 
found that for any one exclosure, cessation of grazing for 29 years was either positive, 
neutral, or negative for pine regeneration. There was, however, no difference in pine 
regeneration between grazed and ungrazed areas when they were evaluated together. 
Another issue that may contribute to the difference between my results and those 
of others is the magnitude of the area sampled. Total sampled area less 1 ha (Rummell 
1951, Madany and West 1983, Zimmerman and Neuenschwander 1984, Bakker and 
Moore 2007) may not adequately represent pine regeneration between treatments or 
capture variability across the landscape. To sample an equivalent 1 ha area, I would only 
have needed to sample 32 plots. If I compared 32 plots out of the of 528 plots, 
representing a sampling area of 16.5 ha, I could again find combinations that would 
produce either positive, neutral or negative impacts on pine regeneration from grazing. 
My work suggests that changes in forest density should not be attributed to livestock 
grazing or cessation of livestock grazing. 
It has been suggested that livestock grazing may increase ponderosa pine density 
by reducing herbaceous cover or production, and changing competitive relationships 
between herbaceous plants and pine seedlings (Rummell 1951, Madany and West 1983, 
Zimmerman and Neuenschwander 1984, Belsky and Blumenthal 1997).  In this case, I 
would expect to see a reduction in herbaceous cover or production associated with 
increased livestock grazing. However, I found that grazing increased plant cover (Figure 
3.4) and was not related to herbaceous production (Table 3.1). Similarly, Zimmerman and 
Neuenschwander (1984) showed no difference in graminoid production or cover between 
grazed and ungrazed areas.  This suggests that livestock grazing is not altering ponderosa 
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pine regeneration by altering the competitive relationship between herbaceous plants and 
pine seedlings. 
It has also been suggested that livestock grazing increases ponderosa pine density 
by decreasing the amount of fine fuels and changing fire regimes (Madany and West 
1983, Savage and Swetnam 1990, Belsky and Blumenthal 1997).  If that is the case, I 
would expect to see a reduction in herbaceous plant cover, graminoid cover, and/or 
herbaceous production associated with increasing intensity of livestock grazing. In my 
study, grazing increased herbaceous plant cover; it had no effect on herbaceous 
production or graminoid cover. This suggests that long term grazing practices are not 
changing the quantity of fine fuels produced annually on the BHNF. In the Mystic RD, 
23% of pastures remain ungrazed until September 1st or later; this gives ample 
opportunity on an annual basis for occurrence of wildfire in areas with peak herbaceous 
standing crop. One would expect that grazing would limit the accumulation of standing 
dead plant material, thus limiting availability of fine fuels. Were this the case, the 
ungrazed pastures should have more standing dead than the grazed pastures, which could 
be quantified with the VOR measurements in the ungrazed compared to grazed pastures.  
I did not, however, find higher VOR measurements in the ungrazed pastures. This might 
be explained by the effect of snowpack, which can compress standing dead, which will 
increase the rate of decomposition and reduce the influence of standing dead on VOR 
measurements. Thus, it is unlikely that grazing is altering the fire regimes in the Mystic 
RD. 
It has also been suggested that livestock grazing reduces ponderosa pine density 
though trampling of seedlings (Bakker and Moore 2007). Were this the case in my study, 
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I would expect to see a negative relationship between pine regeneration and stocking rate, 
where higher animal density would increase the probability of a seedling being trampled 
by livestock.  There was, however, no relationships between pine regeneration and any 
livestock management practice I quantified. This suggests that trampling is not altering 
seedling survival rates in the BHNF. 
Implications 
The effects of livestock management practices on plant richness and diversity, and 
herbaceous production for forested grazing systems are similar to those observed in 
grasslands. Relationships between GPI and the vegetation variables of plant richness, 
herbaceous cover, and forb cover suggest moderate intensities of livestock grazing are 
beneficial to maintaining plant diversity and cover. Novel here are 1) the use of GPI to 
explicitly identify relationships between livestock grazing pressure and resource 
condition, and 2) much greater replication of pastures and livestock managers not 
commonly seen in grazing studies. GPI was the most important management practice I 
quantified from 16 years of livestock grazing records.  Cessation of grazing is likely to 
decrease plant richness and cover even more than the most intensive livestock grazing I 
measured (GPI of 26.73 AUD*Mg-1 ± 57%). It is important to remain cautious about 
implementing stocking rates to achieve GPIs greater than 35 AUD*Mg-1 so as to avoid 
unforeseen impacts of potential overgrazing. 
While changes in forest density have been attributed to livestock grazing, I found 
no relationship between ponderosa pine regeneration and any livestock grazing practices, 
suggesting livestock are not responsible for changes in forest density. Plant richness, 
diversity, and cover were maximized at GPI of 15 - 20 AUD*Mg-1 ± 57%, which is near 
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the 35 AUD*Mg-1 (Hart and Ashby 1998) identified as a long term stocking rate 
optimizing livestock production. My study suggests that, at least for the BHNF, 
ecological and production goals may be fairly well aligned, and each may be attained 
without sacrificing the other. 
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Conclusion: Guidelines for cattle and timber management in ponderosa pine forests 
of the Black Hills 
 
The goal of this dissertation was to explore how cattle grazing can be best 
managed in the ponderosa pine forests of the Black Hills, in western South Dakota. I 
addressed three questions pertaining to efficient and sustainable cattle and timber 
production on the same land unit. In Chapter 1, I identified pertinent issues, knowledge 
and uncertainties related to provisioning of forage, timber and plant diversity, and 
compared silvopasture with traditional livestock management in forested lands. In 
Chapter 2, I developed satellite-derived forest cover maps, and used them to estimate 
current forage production, which can reduce uncertainty surrounding setting an 
appropriate livestock stocking rate. In Chapter 3, I evaluated relationships between 
livestock management practices, timber harvest history, and resource condition.  
Southeastern grazed forests managed with silvopasture practices and western 
grazed forested lands were difficult to compare because of regional differences in land 
ownership (private vs public) and management goals (production vs multiple use). In the 
southeastern US, more land in private ownership promotes production goals that can 
more easily be incorporated into practices that maximize production. In contrast, public 
lands in the west are managed for multiple use, which is not meant to be the best use, or 
most economically profitable use. While regional differences in wood production and 
forage production are likely related to climate (growing season length and precipitation); 
fertilization, which is common in the southeastern US, also contributes to production 
goals, but is undesirable and impractical in the western US. 
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Despite differences in land ownership, management goals and practices, climate, 
productivity, and ecosystems, I found several commonalities for livestock grazing of 
forests across regions of the US. First, there was a consistent inverse relationship between 
tree cover and forage production such that increasing trees reduce the amount of forage 
available for livestock (Pase and Hurd 1957, Jameson 1967, Clary et al. 1975, Uresk and 
Severson 1989, Tapia et al. 1990, Ares et al. 2003). Second, livestock and timber 
production was maximized at similar basal areas across regions: 5 – 14 m2 ha-1 in South 
Dakota (Uresk and Severson 1998), 14 m2 ha-1 in Arizona (Clary et al. 1975), and 13.7 
m2 ha-1 in Florida (Lewis and Pearson 1987). In summary, despite the relatively few 
studies of grazing on forested lands, the tree basal area where combined economic returns 
were maximized was consistent among them: 5-14 m2 ha-1, ~15-35% tree cover. While 
this value can provide some general guidance to land managers faced with combined 
cattle and timber production, future work is needed to determine how sensitive this tree 
cover is to climate and regional variations.  
Change in tree cover and forage production. For the 181 pastures in the Mystic 
RD, mean tree cover decreased by 17.6 ± 0.6% (mean ± 1 standard error) from 40.2 ± 
0.6% in 1999 to 22.6 ± 0.7% in 2015. Only 3 pastures did not experience a net loss of 
tree cover for the period (Figure 2.6). The areas with the largest losses were burned in the 
Jasper Fire in 2000 and the Battle Creek Fire in 2002. 
While livestock grazing and timber harvest occur on a substantial amount of 
forest land in the US (22% and 68% of all US forest land respectively), relatively little is 
known about the ecological effects. Theoretical relationships between livestock grazing 
and resource condition that have been developed in grasslands and rangelands have not 
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been evaluated in forests. Current estimates of forage production are critical to 
understanding livestock use and investigating relationships between livestock use and 
resource condition. Available tree cover maps that could be used to estimate forage 
production were relatively out of date, considering the known areas of grazed forest with 
changes in tree cover associated with timber harvest, wildfire, and mountain pine beetle. 
Therefore, the first step in investigating effects of livestock grazing on resource condition 
was to create a temporal series of forest cover maps for the Black Hills and use these in 
combination with soil and climate information to estimate forage production. In Chapter 
2, I developed a multiple linear regression approach to predict forest cover from Landsat 
imagery, and used this to create forest cover maps from 1999 through 2015 for the Black 
Hills, and then used these maps to estimate forage production for the same time period. 
This time period also matches the period for which I was able to gather livestock use data 
for the Mystic Ranger District in the Black Hills National Forest. Mean pasture tree cover 
decreased by 17.6 ± 0.6% (mean ± 1 standard error) in The Mystic Ranger District from 
40.2 ± 0.6% in 1999 to 22.6 ± 0.7% in 2015, resulting in 15.5 ± 1.5% increase in mean 
pasture forage production from 499,066 ± 37,069 kg in 1999 to 560,549 ± 39,146 kg in 
2015. Based on the current management plant of allocating 25% of forage production to 
livestock, this change in forage production could support an additional 4000-7000 AUM, 
representing a 20-40% increase over 1999 AUM use. Net loss of tree cover for individual 
pastures was as much as 42% over the time period, and 98% of the pastures had lower 
tree cover in 2015. The forest cover maps I developed represent an improvement in map 
production frequency, which can impact livestock management decisions. For example, 
land managers could use the forest cover estimates of the previous summer and current 
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drought conditions to estimate forage production values and refine stocking rates 
annually. This could be a useful tool to yield more accurate stocking rates that would 
improve ecological condition and profits in the Black Hills.    
In Chapter 3, I combined the newly derived forage production estimates with 
livestock use records for a field experiment investigating livestock use and resource 
condition. In 2014 and 2015, I measured metrics of resource condition in 528 plots across 
a gradient of management practices. I found that GPI was significantly related to plant 
species richness, native plant species richness, Shannon-Weiner diversity, plant evenness, 
relative plant cover, and forage production. Visual obstruction readings and ponderosa 
pine seedling densities were not related to any management practice. GPI between 15 - 
20 AUD*Mg-1 ± 57% maximized plant species richness and diversity. Ungrazed pastures 
had the lowest plant diversity, suggesting cessation of livestock grazing should be 
considered with great caution. In summary, I found that GPI may be the most important 
management consideration for sustainable and ecologically conservative livestock 
production in the Black Hills, SD. 
In conclusion, the three chapters offer insight on best-management strategies for 
managing cattle grazing in the Black Hills, SD. My data suggests that cattle are not 
affecting ponderosa pine recruitment and subsequently forest cover in the Black Hills. 
However, cattle are affecting native plant species richness and productivity. To maintain 
native plant species richness, livestock stocking rates should be set to keep grazing 
pressure index at a moderate 15 - 20 AUD*Mg-1 ± 57%. 
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APPENDIX I 
Table of mean tree cover, forage production, and livestock use by pasture and year 
Table of estimated mean tree cover, estimated forage production, and livestock use for 
each pasture in the Mystic Range Unit for each year from 1999 to 2015. Livestock use is 
in terms of Animal unit months (AUM) based on the United States Forest Service 
Distribution and Grazing Instructions. 
Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bald Horse - Burnt Ranch 1999 32 1025 410 
Bald Horse - Burnt Ranch 2000 30 813 282 
Bald Horse - Burnt Ranch 2001 29 825 331 
Bald Horse - Burnt Ranch 2002 26 876 311 
Bald Horse - Burnt Ranch 2003 29 887 289 
Bald Horse - Burnt Ranch 2004 21 691 319 
Bald Horse - Burnt Ranch 2005 30 578 335 
Bald Horse - Burnt Ranch 2006 27 907 284 
Bald Horse - Burnt Ranch 2007 23 654 216 
Bald Horse - Burnt Ranch 2008 34 774 238 
Bald Horse - Burnt Ranch 2009 21 1019 322 
Bald Horse - Burnt Ranch 2010 27 1158 262 
Bald Horse - Burnt Ranch 2011 32 808 281 
Bald Horse - Burnt Ranch 2012 24 627 275 
Bald Horse - Burnt Ranch 2013 33 552 24 
Bald Horse - Burnt Ranch 2014 36 960 278 
Bald Horse - Burnt Ranch 2015 27 896 NA 
Bald Horse - Lower Victoria 1999 31 2554 205 
Bald Horse - Lower Victoria 2000 27 2235 192 
Bald Horse - Lower Victoria 2001 30 2068 452 
Bald Horse - Lower Victoria 2002 26 2321 449 
Bald Horse - Lower Victoria 2003 32 2179 487 
Bald Horse - Lower Victoria 2004 24 1857 437 
Bald Horse - Lower Victoria 2005 25 1798 521 
Bald Horse - Lower Victoria 2006 22 2610 648 
Bald Horse - Lower Victoria 2007 23 1849 540 
Bald Horse - Lower Victoria 2008 26 2308 462 
Bald Horse - Lower Victoria 2009 15 2911 425 
Bald Horse - Lower Victoria 2010 27 2885 456 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bald Horse - Lower Victoria 2011 27 2318 387 
Bald Horse - Lower Victoria 2012 16 2102 388 
Bald Horse - Lower Victoria 2013 29 1653 326 
Bald Horse - Lower Victoria 2014 34 2454 343 
Bald Horse - Lower Victoria 2015 25 2377 NA 
Bald Horse - Middle Bald Hills 1999 37 378 0 
Bald Horse - Middle Bald Hills 2000 23 413 0 
Bald Horse - Middle Bald Hills 2001 37 298 0 
Bald Horse - Middle Bald Hills 2002 23 407 180 
Bald Horse - Middle Bald Hills 2003 19 482 180 
Bald Horse - Middle Bald Hills 2004 11 402 175 
Bald Horse - Middle Bald Hills 2005 15 383 187 
Bald Horse - Middle Bald Hills 2006 11 558 263 
Bald Horse - Middle Bald Hills 2007 7 420 407 
Bald Horse - Middle Bald Hills 2008 28 383 287 
Bald Horse - Middle Bald Hills 2009 13 511 186 
Bald Horse - Middle Bald Hills 2010 12 658 196 
Bald Horse - Middle Bald Hills 2011 12 531 150 
Bald Horse - Middle Bald Hills 2012 3 436 218 
Bald Horse - Middle Bald Hills 2013 13 387 116 
Bald Horse - Middle Bald Hills 2014 38 368 176 
Bald Horse - Middle Bald Hills 2015 37 303 NA 
Bald Horse - Middle Horse 1999 32 1110 183 
Bald Horse - Middle Horse 2000 25 979 372 
Bald Horse - Middle Horse 2001 26 951 331 
Bald Horse - Middle Horse 2002 21 1072 278 
Bald Horse - Middle Horse 2003 16 1204 322 
Bald Horse - Middle Horse 2004 12 867 331 
Bald Horse - Middle Horse 2005 15 822 335 
Bald Horse - Middle Horse 2006 16 1203 0 
Bald Horse - Middle Horse 2007 14 828 0 
Bald Horse - Middle Horse 2008 20 1102 357 
Bald Horse - Middle Horse 2009 12 1295 334 
Bald Horse - Middle Horse 2010 20 1450 377 
Bald Horse - Middle Horse 2011 17 1186 388 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bald Horse - Middle Horse 2012 11 863 264 
Bald Horse - Middle Horse 2013 20 751 279 
Bald Horse - Middle Horse 2014 22 1383 278 
Bald Horse - Middle Horse 2015 25 980 NA 
Bald Horse - Middle Victoria 1999 32 717 192 
Bald Horse - Middle Victoria 2000 30 564 192 
Bald Horse - Middle Victoria 2001 32 539 154 
Bald Horse - Middle Victoria 2002 29 584 167 
Bald Horse - Middle Victoria 2003 39 518 128 
Bald Horse - Middle Victoria 2004 25 444 125 
Bald Horse - Middle Victoria 2005 34 379 94 
Bald Horse - Middle Victoria 2006 29 620 95 
Bald Horse - Middle Victoria 2007 23 467 95 
Bald Horse - Middle Victoria 2008 33 560 77 
Bald Horse - Middle Victoria 2009 18 753 87 
Bald Horse - Middle Victoria 2010 24 907 89 
Bald Horse - Middle Victoria 2011 29 621 87 
Bald Horse - Middle Victoria 2012 16 522 94 
Bald Horse - Middle Victoria 2013 28 426 83 
Bald Horse - Middle Victoria 2014 31 747 88 
Bald Horse - Middle Victoria 2015 28 607 NA 
Bald Horse - North Bald Hills 1999 43 315 184 
Bald Horse - North Bald Hills 2000 40 285 90 
Bald Horse - North Bald Hills 2001 41 267 0 
Bald Horse - North Bald Hills 2002 27 376 0 
Bald Horse - North Bald Hills 2003 23 461 0 
Bald Horse - North Bald Hills 2004 14 378 125 
Bald Horse - North Bald Hills 2005 19 359 174 
Bald Horse - North Bald Hills 2006 17 503 276 
Bald Horse - North Bald Hills 2007 16 368 252 
Bald Horse - North Bald Hills 2008 25 397 38 
Bald Horse - North Bald Hills 2009 16 482 186 
Bald Horse - North Bald Hills 2010 16 607 51 
Bald Horse - North Bald Hills 2011 19 472 150 
Bald Horse - North Bald Hills 2012 4 419 183 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bald Horse - North Bald Hills 2013 20 334 125 
Bald Horse - North Bald Hills 2014 39 356 153 
Bald Horse - North Bald Hills 2015 38 283 NA 
Bald Horse - Prairie Creek 1999 30 1890 182 
Bald Horse - Prairie Creek 2000 30 1439 331 
Bald Horse - Prairie Creek 2001 32 1371 261 
Bald Horse - Prairie Creek 2002 29 1459 103 
Bald Horse - Prairie Creek 2003 40 1236 128 
Bald Horse - Prairie Creek 2004 28 1051 225 
Bald Horse - Prairie Creek 2005 35 944 260 
Bald Horse - Prairie Creek 2006 31 1505 188 
Bald Horse - Prairie Creek 2007 26 1099 224 
Bald Horse - Prairie Creek 2008 37 1283 154 
Bald Horse - Prairie Creek 2009 23 1696 133 
Bald Horse - Prairie Creek 2010 31 1922 139 
Bald Horse - Prairie Creek 2011 36 1327 187 
Bald Horse - Prairie Creek 2012 19 1271 200 
Bald Horse - Prairie Creek 2013 35 947 169 
Bald Horse - Prairie Creek 2014 36 1703 200 
Bald Horse - Prairie Creek 2015 31 1411 NA 
Bald Horse - South Bald Hills 1999 43 216 192 
Bald Horse - South Bald Hills 2000 25 262 192 
Bald Horse - South Bald Hills 2001 38 189 154 
Bald Horse - South Bald Hills 2002 23 276 134 
Bald Horse - South Bald Hills 2003 15 336 130 
Bald Horse - South Bald Hills 2004 11 254 0 
Bald Horse - South Bald Hills 2005 19 229 0 
Bald Horse - South Bald Hills 2006 14 344 189 
Bald Horse - South Bald Hills 2007 11 256 108 
Bald Horse - South Bald Hills 2008 27 276 143 
Bald Horse - South Bald Hills 2009 15 319 133 
Bald Horse - South Bald Hills 2010 21 374 157 
Bald Horse - South Bald Hills 2011 16 338 120 
Bald Horse - South Bald Hills 2012 11 250 225 
Bald Horse - South Bald Hills 2013 17 239 182 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bald Horse - South Bald Hills 2014 38 244 189 
Bald Horse - South Bald Hills 2015 30 245 NA 
Bald Horse - West Horse 1999 48 372 353 
Bald Horse - West Horse 2000 34 370 192 
Bald Horse - West Horse 2001 38 344 165 
Bald Horse - West Horse 2002 31 402 167 
Bald Horse - West Horse 2003 25 457 156 
Bald Horse - West Horse 2004 19 347 160 
Bald Horse - West Horse 2005 20 336 0 
Bald Horse - West Horse 2006 22 482 0 
Bald Horse - West Horse 2007 20 335 0 
Bald Horse - West Horse 2008 28 426 59 
Bald Horse - West Horse 2009 16 549 99 
Bald Horse - West Horse 2010 23 645 16 
Bald Horse - West Horse 2011 24 465 94 
Bald Horse - West Horse 2012 16 365 11 
Bald Horse - West Horse 2013 24 310 85 
Bald Horse - West Horse 2014 29 556 88 
Bald Horse - West Horse 2015 27 442 NA 
Baseline - Cabin 1999 59 58 0 
Baseline - Cabin 2000 49 55 0 
Baseline - Cabin 2001 44 65 0 
Baseline - Cabin 2002 38 75 0 
Baseline - Cabin 2003 30 99 0 
Baseline - Cabin 2004 33 67 0 
Baseline - Cabin 2005 30 67 48 
Baseline - Cabin 2006 28 94 40 
Baseline - Cabin 2007 40 53 39 
Baseline - Cabin 2008 45 70 61 
Baseline - Cabin 2009 29 96 60 
Baseline - Cabin 2010 40 92 57 
Baseline - Cabin 2011 44 65 60 
Baseline - Cabin 2012 25 75 59 
Baseline - Cabin 2013 41 51 60 
Baseline - Cabin 2014 45 94 58 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Baseline - Cabin 2015 43 65 NA 
Baseline - Castle 1999 41 223 115 
Baseline - Castle 2000 42 165 54 
Baseline - Castle 2001 41 167 133 
Baseline - Castle 2002 36 184 80 
Baseline - Castle 2003 39 182 72 
Baseline - Castle 2004 42 118 81 
Baseline - Castle 2005 34 139 50 
Baseline - Castle 2006 30 215 42 
Baseline - Castle 2007 45 108 53 
Baseline - Castle 2008 44 160 61 
Baseline - Castle 2009 26 240 60 
Baseline - Castle 2010 33 272 55 
Baseline - Castle 2011 36 193 58 
Baseline - Castle 2012 27 158 59 
Baseline - Castle 2013 36 126 64 
Baseline - Castle 2014 28 310 58 
Baseline - Castle 2015 28 222 NA 
Baseline - Miller 1999 45 107 36 
Baseline - Miller 2000 44 93 50 
Baseline - Miller 2001 45 83 0 
Baseline - Miller 2002 38 106 78 
Baseline - Miller 2003 34 131 42 
Baseline - Miller 2004 33 91 52 
Baseline - Miller 2005 27 96 53 
Baseline - Miller 2006 26 136 65 
Baseline - Miller 2007 33 86 63 
Baseline - Miller 2008 43 85 62 
Baseline - Miller 2009 24 142 50 
Baseline - Miller 2010 38 120 57 
Baseline - Miller 2011 29 123 47 
Baseline - Miller 2012 27 95 59 
Baseline - Miller 2013 35 74 60 
Baseline - Miller 2014 29 158 58 
Baseline - Miller 2015 31 114 NA 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Baseline - Silver 1999 45 483 66 
Baseline - Silver 2000 41 397 119 
Baseline - Silver 2001 40 403 111 
Baseline - Silver 2002 33 464 113 
Baseline - Silver 2003 32 499 63 
Baseline - Silver 2004 29 357 77 
Baseline - Silver 2005 28 364 51 
Baseline - Silver 2006 28 530 74 
Baseline - Silver 2007 38 298 89 
Baseline - Silver 2008 42 394 65 
Baseline - Silver 2009 24 585 74 
Baseline - Silver 2010 34 618 59 
Baseline - Silver 2011 26 554 60 
Baseline - Silver 2012 21 420 63 
Baseline - Silver 2013 33 322 60 
Baseline - Silver 2014 28 747 64 
Baseline - Silver 2015 30 504 NA 
Bitter Creek - Boulder Hill 1999 33 971 114 
Bitter Creek - Boulder Hill 2000 32 758 101 
Bitter Creek - Boulder Hill 2001 35 714 34 
Bitter Creek - Boulder Hill 2002 32 751 24 
Bitter Creek - Boulder Hill 2003 31 824 75 
Bitter Creek - Boulder Hill 2004 23 638 86 
Bitter Creek - Boulder Hill 2005 24 619 122 
Bitter Creek - Boulder Hill 2006 22 968 137 
Bitter Creek - Boulder Hill 2007 20 670 94 
Bitter Creek - Boulder Hill 2008 26 874 129 
Bitter Creek - Boulder Hill 2009 16 1074 133 
Bitter Creek - Boulder Hill 2010 29 1135 144 
Bitter Creek - Boulder Hill 2011 28 866 116 
Bitter Creek - Boulder Hill 2012 15 743 133 
Bitter Creek - Boulder Hill 2013 29 570 90 
Bitter Creek - Boulder Hill 2014 32 1019 124 
Bitter Creek - Boulder Hill 2015 26 868 NA 
Bitter Creek - Deadman 1999 28 440 0 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bitter Creek - Deadman 2000 20 404 0 
Bitter Creek - Deadman 2001 22 384 0 
Bitter Creek - Deadman 2002 17 436 172 
Bitter Creek - Deadman 2003 17 454 0 
Bitter Creek - Deadman 2004 15 330 0 
Bitter Creek - Deadman 2005 15 329 0 
Bitter Creek - Deadman 2006 11 501 0 
Bitter Creek - Deadman 2007 9 367 0 
Bitter Creek - Deadman 2008 21 400 0 
Bitter Creek - Deadman 2009 13 473 0 
Bitter Creek - Deadman 2010 22 520 0 
Bitter Creek - Deadman 2011 18 436 0 
Bitter Creek - Deadman 2012 9 360 0 
Bitter Creek - Deadman 2013 20 300 0 
Bitter Creek - Deadman 2014 29 435 0 
Bitter Creek - Deadman 2015 22 393 NA 
Bitter Creek - Middle 1999 37 552 84 
Bitter Creek - Middle 2000 37 430 88 
Bitter Creek - Middle 2001 40 400 116 
Bitter Creek - Middle 2002 35 460 75 
Bitter Creek - Middle 2003 41 433 15 
Bitter Creek - Middle 2004 24 404 107 
Bitter Creek - Middle 2005 32 334 0 
Bitter Creek - Middle 2006 25 595 79 
Bitter Creek - Middle 2007 19 447 49 
Bitter Creek - Middle 2008 36 443 51 
Bitter Creek - Middle 2009 19 665 62 
Bitter Creek - Middle 2010 32 639 62 
Bitter Creek - Middle 2011 34 483 62 
Bitter Creek - Middle 2012 17 453 62 
Bitter Creek - Middle 2013 31 348 62 
Bitter Creek - Middle 2014 32 615 60 
Bitter Creek - Middle 2015 27 533 NA 
Bitter Creek - North 1999 33 398 0 
Bitter Creek - North 2000 28 346 11 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bitter Creek - North 2001 31 316 69 
Bitter Creek - North 2002 26 359 112 
Bitter Creek - North 2003 31 352 107 
Bitter Creek - North 2004 24 270 114 
Bitter Creek - North 2005 27 250 99 
Bitter Creek - North 2006 24 403 103 
Bitter Creek - North 2007 23 275 99 
Bitter Creek - North 2008 34 312 69 
Bitter Creek - North 2009 18 433 43 
Bitter Creek - North 2010 31 443 47 
Bitter Creek - North 2011 37 298 51 
Bitter Creek - North 2012 15 314 60 
Bitter Creek - North 2013 35 212 56 
Bitter Creek - North 2014 33 405 58 
Bitter Creek - North 2015 33 312 NA 
Bitter Creek - South 1999 36 633 122 
Bitter Creek - South 2000 39 455 129 
Bitter Creek - South 2001 39 447 103 
Bitter Creek - South 2002 36 481 94 
Bitter Creek - South 2003 45 434 107 
Bitter Creek - South 2004 26 420 0 
Bitter Creek - South 2005 36 351 92 
Bitter Creek - South 2006 29 591 0 
Bitter Creek - South 2007 25 418 71 
Bitter Creek - South 2008 35 513 69 
Bitter Creek - South 2009 18 727 54 
Bitter Creek - South 2010 35 672 54 
Bitter Creek - South 2011 42 436 60 
Bitter Creek - South 2012 23 428 71 
Bitter Creek - South 2013 38 328 114 
Bitter Creek - South 2014 37 626 69 
Bitter Creek - South 2015 34 512 NA 
Bitter Creek - Strato Bowl 1999 36 85 NA 
Bitter Creek - Strato Bowl 2000 33 71 NA 
Bitter Creek - Strato Bowl 2001 35 67 NA 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Bitter Creek - Strato Bowl 2002 33 72 NA 
Bitter Creek - Strato Bowl 2003 43 62 NA 
Bitter Creek - Strato Bowl 2004 36 50 NA 
Bitter Creek - Strato Bowl 2005 36 49 NA 
Bitter Creek - Strato Bowl 2006 33 74 NA 
Bitter Creek - Strato Bowl 2007 23 66 NA 
Bitter Creek - Strato Bowl 2008 35 68 NA 
Bitter Creek - Strato Bowl 2009 25 85 NA 
Bitter Creek - Strato Bowl 2010 38 84 NA 
Bitter Creek - Strato Bowl 2011 30 87 NA 
Bitter Creek - Strato Bowl 2012 15 76 NA 
Bitter Creek - Strato Bowl 2013 40 46 NA 
Bitter Creek - Strato Bowl 2014 37 84 NA 
Bitter Creek - Strato Bowl 2015 33 71 NA 
Bittersweet - Bittersweet 1999 39 606 93 
Bittersweet - Bittersweet 2000 39 471 94 
Bittersweet - Bittersweet 2001 34 517 37 
Bittersweet - Bittersweet 2002 34 525 26 
Bittersweet - Bittersweet 2003 27 621 93 
Bittersweet - Bittersweet 2004 22 461 106 
Bittersweet - Bittersweet 2005 25 448 88 
Bittersweet - Bittersweet 2006 23 660 102 
Bittersweet - Bittersweet 2007 27 426 93 
Bittersweet - Bittersweet 2008 30 583 118 
Bittersweet - Bittersweet 2009 15 772 90 
Bittersweet - Bittersweet 2010 20 918 68 
Bittersweet - Bittersweet 2011 24 657 66 
Bittersweet - Bittersweet 2012 11 565 88 
Bittersweet - Bittersweet 2013 25 440 77 
Bittersweet - Bittersweet 2014 24 842 72 
Bittersweet - Bittersweet 2015 19 694 NA 
Blackhawk - Blackhawk 1999 32 2407 0 
Blackhawk - Blackhawk 2000 29 2146 0 
Blackhawk - Blackhawk 2001 26 2410 0 
Blackhawk - Blackhawk 2002 25 2408 0 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Blackhawk - Blackhawk 2003 28 2341 0 
Blackhawk - Blackhawk 2004 23 1910 0 
Blackhawk - Blackhawk 2005 25 1886 0 
Blackhawk - Blackhawk 2006 20 2676 0 
Blackhawk - Blackhawk 2007 24 1859 0 
Blackhawk - Blackhawk 2008 30 2123 0 
Blackhawk - Blackhawk 2009 18 2723 0 
Blackhawk - Blackhawk 2010 38 2250 0 
Blackhawk - Blackhawk 2011 36 1996 0 
Blackhawk - Blackhawk 2012 24 1997 0 
Blackhawk - Blackhawk 2013 35 1629 0 
Blackhawk - Blackhawk 2014 36 2288 0 
Blackhawk - Blackhawk 2015 31 2080 NA 
Clinton - Dutchman 1999 42 331 97 
Clinton - Dutchman 2000 41 269 93 
Clinton - Dutchman 2001 39 274 91 
Clinton - Dutchman 2002 35 311 93 
Clinton - Dutchman 2003 26 372 93 
Clinton - Dutchman 2004 25 267 108 
Clinton - Dutchman 2005 22 277 0 
Clinton - Dutchman 2006 19 425 95 
Clinton - Dutchman 2007 20 290 90 
Clinton - Dutchman 2008 25 372 95 
Clinton - Dutchman 2009 17 435 104 
Clinton - Dutchman 2010 26 479 93 
Clinton - Dutchman 2011 17 434 82 
Clinton - Dutchman 2012 8 353 97 
Clinton - Dutchman 2013 19 289 93 
Clinton - Dutchman 2014 27 471 106 
Clinton - Dutchman 2015 19 411 NA 
Clinton - Dwyer 1999 40 541 187 
Clinton - Dwyer 2000 41 440 189 
Clinton - Dwyer 2001 35 495 187 
Clinton - Dwyer 2002 33 520 189 
Clinton - Dwyer 2003 20 687 189 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Clinton - Dwyer 2004 17 516 146 
Clinton - Dwyer 2005 18 505 226 
Clinton - Dwyer 2006 17 728 160 
Clinton - Dwyer 2007 17 519 165 
Clinton - Dwyer 2008 26 603 144 
Clinton - Dwyer 2009 18 722 262 
Clinton - Dwyer 2010 17 902 270 
Clinton - Dwyer 2011 9 793 195 
Clinton - Dwyer 2012 2 628 298 
Clinton - Dwyer 2013 12 537 154 
Clinton - Dwyer 2014 25 761 264 
Clinton - Dwyer 2015 15 701 NA 
Clinton - East Fork 1999 45 323 281 
Clinton - East Fork 2000 55 209 305 
Clinton - East Fork 2001 47 241 226 
Clinton - East Fork 2002 40 307 218 
Clinton - East Fork 2003 32 389 293 
Clinton - East Fork 2004 24 300 249 
Clinton - East Fork 2005 22 314 165 
Clinton - East Fork 2006 26 420 70 
Clinton - East Fork 2007 28 279 186 
Clinton - East Fork 2008 37 322 213 
Clinton - East Fork 2009 21 454 139 
Clinton - East Fork 2010 22 552 155 
Clinton - East Fork 2011 15 497 207 
Clinton - East Fork 2012 8 376 154 
Clinton - East Fork 2013 25 279 154 
Clinton - East Fork 2014 34 443 212 
Clinton - East Fork 2015 28 380 NA 
Clinton - Matt 1999 45 342 188 
Clinton - Matt 2000 41 289 159 
Clinton - Matt 2001 40 289 180 
Clinton - Matt 2002 38 304 174 
Clinton - Matt 2003 25 402 293 
Clinton - Matt 2004 21 301 139 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Clinton - Matt 2005 23 291 231 
Clinton - Matt 2006 22 428 171 
Clinton - Matt 2007 21 303 181 
Clinton - Matt 2008 15 484 239 
Clinton - Matt 2009 14 489 159 
Clinton - Matt 2010 24 535 167 
Clinton - Matt 2011 12 508 241 
Clinton - Matt 2012 4 400 178 
Clinton - Matt 2013 19 313 289 
Clinton - Matt 2014 29 497 157 
Clinton - Matt 2015 18 450 NA 
Clinton - West Fork 1999 46 413 228 
Clinton - West Fork 2000 49 322 232 
Clinton - West Fork 2001 41 385 298 
Clinton - West Fork 2002 40 385 317 
Clinton - West Fork 2003 27 549 83 
Clinton - West Fork 2004 21 416 473 
Clinton - West Fork 2005 23 398 144 
Clinton - West Fork 2006 23 574 207 
Clinton - West Fork 2007 19 431 176 
Clinton - West Fork 2008 25 527 239 
Clinton - West Fork 2009 13 656 256 
Clinton - West Fork 2010 25 657 259 
Clinton - West Fork 2011 10 679 236 
Clinton - West Fork 2012 3 542 226 
Clinton - West Fork 2013 17 421 257 
Clinton - West Fork 2014 24 687 232 
Clinton - West Fork 2015 25 511 NA 
Darrow - Lemming Draw 1999 38 724 NA 
Darrow - Lemming Draw 2000 37 580 0 
Darrow - Lemming Draw 2001 14 893 0 
Darrow - Lemming Draw 2002 10 963 0 
Darrow - Lemming Draw 2003 3 1092 NA 
Darrow - Lemming Draw 2004 2 755 124 
Darrow - Lemming Draw 2005 2 749 190 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Darrow - Lemming Draw 2006 3 1106 148 
Darrow - Lemming Draw 2007 3 743 208 
Darrow - Lemming Draw 2008 11 917 157 
Darrow - Lemming Draw 2009 2 1123 166 
Darrow - Lemming Draw 2010 6 1354 143 
Darrow - Lemming Draw 2011 3 1102 163 
Darrow - Lemming Draw 2012 1 770 163 
Darrow - Lemming Draw 2013 5 715 163 
Darrow - Lemming Draw 2014 8 1286 197 
Darrow - Lemming Draw 2015 5 1027 NA 
Darrow - Middle 1999 43 1304 NA 
Darrow - Middle 2000 40 1098 NA 
Darrow - Middle 2001 24 1530 0 
Darrow - Middle 2002 20 1602 0 
Darrow - Middle 2003 10 2037 NA 
Darrow - Middle 2004 9 1405 NA 
Darrow - Middle 2005 9 1400 NA 
Darrow - Middle 2006 8 2085 0 
Darrow - Middle 2007 8 1414 0 
Darrow - Middle 2008 17 1745 0 
Darrow - Middle 2009 6 2171 393 
Darrow - Middle 2010 17 2310 228 
Darrow - Middle 2011 11 1971 160 
Darrow - Middle 2012 4 1532 291 
Darrow - Middle 2013 16 1208 363 
Darrow - Middle 2014 23 2065 400 
Darrow - Middle 2015 18 1688 NA 
Darrow - North 1999 43 842 NA 
Darrow - North 2000 36 777 NA 
Darrow - North 2001 10 1233 0 
Darrow - North 2002 10 1219 0 
Darrow - North 2003 5 1383 NA 
Darrow - North 2004 4 948 NA 
Darrow - North 2005 5 929 NA 
Darrow - North 2006 4 1386 353 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Darrow - North 2007 4 957 391 
Darrow - North 2008 11 1216 334 
Darrow - North 2009 2 1443 306 
Darrow - North 2010 9 1670 457 
Darrow - North 2011 4 1384 160 
Darrow - North 2012 2 980 134 
Darrow - North 2013 9 858 311 
Darrow - North 2014 13 1554 360 
Darrow - North 2015 12 1177 NA 
Darrow - Signal Hill 1999 34 805 NA 
Darrow - Signal Hill 2000 27 774 0 
Darrow - Signal Hill 2001 6 1247 0 
Darrow - Signal Hill 2002 9 1191 0 
Darrow - Signal Hill 2003 1 1325 NA 
Darrow - Signal Hill 2004 0 1006 19 
Darrow - Signal Hill 2005 1 991 134 
Darrow - Signal Hill 2006 1 1327 135 
Darrow - Signal Hill 2007 1 1000 106 
Darrow - Signal Hill 2008 4 1261 152 
Darrow - Signal Hill 2009 1 1315 157 
Darrow - Signal Hill 2010 2 1521 152 
Darrow - Signal Hill 2011 2 1307 152 
Darrow - Signal Hill 2012 0 1008 152 
Darrow - Signal Hill 2013 1 997 152 
Darrow - Signal Hill 2014 4 1500 176 
Darrow - Signal Hill 2015 2 1312 NA 
Darrow - South 1999 41 816 NA 
Darrow - South 2000 40 659 NA 
Darrow - South 2001 8 1231 0 
Darrow - South 2002 9 1211 0 
Darrow - South 2003 1 1399 NA 
Darrow - South 2004 1 949 NA 
Darrow - South 2005 2 925 NA 
Darrow - South 2006 1 1402 490 
Darrow - South 2007 2 936 307 
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Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Darrow - South 2008 7 1238 524 
Darrow - South 2009 1 1404 249 
Darrow - South 2010 4 1715 248 
Darrow - South 2011 2 1395 201 
Darrow - South 2012 0 956 363 
Darrow - South 2013 3 908 353 
Darrow - South 2014 9 1575 367 
Darrow - South 2015 5 1303 NA 
Darrow - Trap 1999 45 31 NA 
Darrow - Trap 2000 43 25 NA 
Darrow - Trap 2001 22 38 0 
Darrow - Trap 2002 11 49 0 
Darrow - Trap 2003 4 55 NA 
Darrow - Trap 2004 1 39 NA 
Darrow - Trap 2005 7 35 NA 
Darrow - Trap 2006 2 58 0 
Darrow - Trap 2007 2 38 0 
Darrow - Trap 2008 11 48 0 
Darrow - Trap 2009 0 59 0 
Darrow - Trap 2010 1 76 29 
Darrow - Trap 2011 1 58 15 
Darrow - Trap 2012 0 40 5 
Darrow - Trap 2013 1 39 10 
Darrow - Trap 2014 16 56 11 
Darrow - Trap 2015 2 57 NA 
Deerfield - Baseline 1999 42 517 214 
Deerfield - Baseline 2000 45 367 59 
Deerfield - Baseline 2001 43 371 153 
Deerfield - Baseline 2002 36 455 146 
Deerfield - Baseline 2003 32 511 146 
Deerfield - Baseline 2004 33 342 146 
Deerfield - Baseline 2005 25 393 180 
Deerfield - Baseline 2006 25 575 150 
Deerfield - Baseline 2007 37 316 150 
Deerfield - Baseline 2008 39 433 127 
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Deerfield - Baseline 2009 16 695 102 
Deerfield - Baseline 2010 37 588 150 
Deerfield - Baseline 2011 33 490 47 
Deerfield - Baseline 2012 27 379 162 
Deerfield - Baseline 2013 33 321 139 
Deerfield - Baseline 2014 34 627 172 
Deerfield - Baseline 2015 27 527 NA 
Deerfield - Gold Run 1999 45 345 129 
Deerfield - Gold Run 2000 42 287 167 
Deerfield - Gold Run 2001 40 300 136 
Deerfield - Gold Run 2002 36 330 64 
Deerfield - Gold Run 2003 30 390 133 
Deerfield - Gold Run 2004 25 299 69 
Deerfield - Gold Run 2005 22 302 39 
Deerfield - Gold Run 2006 23 439 34 
Deerfield - Gold Run 2007 20 324 17 
Deerfield - Gold Run 2008 27 400 26 
Deerfield - Gold Run 2009 19 477 32 
Deerfield - Gold Run 2010 32 474 21 
Deerfield - Gold Run 2011 28 395 29 
Deerfield - Gold Run 2012 16 349 8 
Deerfield - Gold Run 2013 26 289 46 
Deerfield - Gold Run 2014 28 504 33 
Deerfield - Gold Run 2015 25 425 NA 
Deerfield - Heely 1999 48 891 184 
Deerfield - Heely 2000 44 882 172 
Deerfield - Heely 2001 42 936 223 
Deerfield - Heely 2002 40 945 262 
Deerfield - Heely 2003 29 1289 206 
Deerfield - Heely 2004 26 1034 197 
Deerfield - Heely 2005 23 1073 189 
Deerfield - Heely 2006 27 1365 258 
Deerfield - Heely 2007 31 1014 274 
Deerfield - Heely 2008 32 1163 270 
Deerfield - Heely 2009 16 1599 292 
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Deerfield - Heely 2010 40 1150 163 
Deerfield - Heely 2011 32 1173 192 
Deerfield - Heely 2012 24 1064 195 
Deerfield - Heely 2013 35 847 222 
Deerfield - Heely 2014 31 1393 228 
Deerfield - Heely 2015 29 1179 NA 
Deerfield - Highline 1999 46 247 0 
Deerfield - Highline 2000 41 248 0 
Deerfield - Highline 2001 41 240 0 
Deerfield - Highline 2002 36 277 0 
Deerfield - Highline 2003 27 362 0 
Deerfield - Highline 2004 29 270 0 
Deerfield - Highline 2005 21 301 61 
Deerfield - Highline 2006 22 388 45 
Deerfield - Highline 2007 25 286 77 
Deerfield - Highline 2008 29 346 68 
Deerfield - Highline 2009 11 461 5 
Deerfield - Highline 2010 34 339 99 
Deerfield - Highline 2011 30 330 91 
Deerfield - Highline 2012 22 298 83 
Deerfield - Highline 2013 26 277 83 
Deerfield - Highline 2014 36 340 84 
Deerfield - Highline 2015 27 324 NA 
Deerfield - Lake Shore 1999 41 121 39 
Deerfield - Lake Shore 2000 40 99 89 
Deerfield - Lake Shore 2001 39 98 52 
Deerfield - Lake Shore 2002 35 109 56 
Deerfield - Lake Shore 2003 27 133 51 
Deerfield - Lake Shore 2004 24 97 103 
Deerfield - Lake Shore 2005 25 95 30 
Deerfield - Lake Shore 2006 24 140 26 
Deerfield - Lake Shore 2007 26 95 34 
Deerfield - Lake Shore 2008 29 128 17 
Deerfield - Lake Shore 2009 22 148 6 
Deerfield - Lake Shore 2010 27 171 0 
147 
 
Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Deerfield - Lake Shore 2011 16 160 29 
Deerfield - Lake Shore 2012 13 120 28 
Deerfield - Lake Shore 2013 21 98 28 
Deerfield - Lake Shore 2014 29 164 28 
Deerfield - Lake Shore 2015 19 152 NA 
Deerfield - Mcintosh Fen 1999 60 132 14 
Deerfield - Mcintosh Fen 2000 36 182 78 
Deerfield - Mcintosh Fen 2001 45 149 NA 
Deerfield - Mcintosh Fen 2002 18 260 27 
Deerfield - Mcintosh Fen 2003 16 277 14 
Deerfield - Mcintosh Fen 2004 10 218 19 
Deerfield - Mcintosh Fen 2005 18 189 35 
Deerfield - Mcintosh Fen 2006 24 231 NA 
Deerfield - Mcintosh Fen 2007 14 202 NA 
Deerfield - Mcintosh Fen 2008 30 208 NA 
Deerfield - Mcintosh Fen 2009 24 240 NA 
Deerfield - Mcintosh Fen 2010 51 162 NA 
Deerfield - Mcintosh Fen 2011 36 187 NA 
Deerfield - Mcintosh Fen 2012 10 216 NA 
Deerfield - Mcintosh Fen 2013 29 151 NA 
Deerfield - Mcintosh Fen 2014 31 251 NA 
Deerfield - Mcintosh Fen 2015 42 158 NA 
Deerfield - Trap 1999 44 179 8 
Deerfield - Trap 2000 42 143 25 
Deerfield - Trap 2001 42 143 21 
Deerfield - Trap 2002 35 173 16 
Deerfield - Trap 2003 31 192 8 
Deerfield - Trap 2004 28 148 11 
Deerfield - Trap 2005 19 167 21 
Deerfield - Trap 2006 23 221 39 
Deerfield - Trap 2007 29 145 21 
Deerfield - Trap 2008 37 162 9 
Deerfield - Trap 2009 15 268 25 
Deerfield - Trap 2010 35 223 64 
Deerfield - Trap 2011 31 191 72 
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Deerfield - Trap 2012 25 156 83 
Deerfield - Trap 2013 29 139 88 
Deerfield - Trap 2014 31 250 59 
Deerfield - Trap 2015 27 201 NA 
Ditch Creek - Cameron 1999 39 1616 NA 
Ditch Creek - Cameron 2000 32 1504 NA 
Ditch Creek - Cameron 2001 30 1481 NA 
Ditch Creek - Cameron 2002 24 1714 906 
Ditch Creek - Cameron 2003 13 2171 1122 
Ditch Creek - Cameron 2004 14 1488 953 
Ditch Creek - Cameron 2005 12 1497 1217 
Ditch Creek - Cameron 2006 12 2182 1303 
Ditch Creek - Cameron 2007 16 1422 1241 
Ditch Creek - Cameron 2008 22 1826 1422 
Ditch Creek - Cameron 2009 7 2397 1108 
Ditch Creek - Cameron 2010 20 2522 1281 
Ditch Creek - Cameron 2011 19 1950 1020 
Ditch Creek - Cameron 2012 9 1586 1229 
Ditch Creek - Cameron 2013 24 1204 1210 
Ditch Creek - Cameron 2014 28 2150 1287 
Ditch Creek - Cameron 2015 29 1530 NA 
Ditch Creek - Campground 1999 50 222 NA 
Ditch Creek - Campground 2000 46 184 NA 
Ditch Creek - Campground 2001 41 210 NA 
Ditch Creek - Campground 2002 39 211 94 
Ditch Creek - Campground 2003 36 254 96 
Ditch Creek - Campground 2004 35 179 71 
Ditch Creek - Campground 2005 26 201 38 
Ditch Creek - Campground 2006 27 287 38 
Ditch Creek - Campground 2007 35 177 62 
Ditch Creek - Campground 2008 34 256 75 
Ditch Creek - Campground 2009 10 403 90 
Ditch Creek - Campground 2010 38 297 73 
Ditch Creek - Campground 2011 34 259 84 
Ditch Creek - Campground 2012 27 201 56 
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Ditch Creek - Campground 2013 36 166 84 
Ditch Creek - Campground 2014 31 352 77 
Ditch Creek - Campground 2015 29 268 NA 
Ditch Creek - Gillette 1999 45 682 NA 
Ditch Creek - Gillette 2000 39 635 NA 
Ditch Creek - Gillette 2001 33 722 NA 
Ditch Creek - Gillette 2002 27 829 499 
Ditch Creek - Gillette 2003 20 952 417 
Ditch Creek - Gillette 2004 21 642 561 
Ditch Creek - Gillette 2005 16 685 467 
Ditch Creek - Gillette 2006 22 899 613 
Ditch Creek - Gillette 2007 25 601 533 
Ditch Creek - Gillette 2008 35 680 309 
Ditch Creek - Gillette 2009 10 1112 288 
Ditch Creek - Gillette 2010 35 923 408 
Ditch Creek - Gillette 2011 24 884 347 
Ditch Creek - Gillette 2012 21 642 340 
Ditch Creek - Gillette 2013 37 450 336 
Ditch Creek - Gillette 2014 33 977 367 
Ditch Creek - Gillette 2015 33 692 NA 
Ditch Creek - Pole Creek 1999 44 1333 NA 
Ditch Creek - Pole Creek 2000 40 1112 NA 
Ditch Creek - Pole Creek 2001 36 1212 NA 
Ditch Creek - Pole Creek 2002 33 1298 1113 
Ditch Creek - Pole Creek 2003 28 1569 1198 
Ditch Creek - Pole Creek 2004 25 1158 845 
Ditch Creek - Pole Creek 2005 22 1174 557 
Ditch Creek - Pole Creek 2006 22 1701 901 
Ditch Creek - Pole Creek 2007 24 1157 770 
Ditch Creek - Pole Creek 2008 36 1285 869 
Ditch Creek - Pole Creek 2009 10 2131 1145 
Ditch Creek - Pole Creek 2010 36 1662 844 
Ditch Creek - Pole Creek 2011 29 1492 1047 
Ditch Creek - Pole Creek 2012 18 1259 891 
Ditch Creek - Pole Creek 2013 31 972 1024 
150 
 
Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Ditch Creek - Pole Creek 2014 38 1594 889 
Ditch Creek - Pole Creek 2015 30 1363 NA 
Ditch Creek - Porcupine 1999 53 294 NA 
Ditch Creek - Porcupine 2000 45 261 NA 
Ditch Creek - Porcupine 2001 38 307 NA 
Ditch Creek - Porcupine 2002 32 356 188 
Ditch Creek - Porcupine 2003 26 411 159 
Ditch Creek - Porcupine 2004 25 278 230 
Ditch Creek - Porcupine 2005 24 285 156 
Ditch Creek - Porcupine 2006 30 365 84 
Ditch Creek - Porcupine 2007 35 228 161 
Ditch Creek - Porcupine 2008 34 347 81 
Ditch Creek - Porcupine 2009 17 490 90 
Ditch Creek - Porcupine 2010 41 382 77 
Ditch Creek - Porcupine 2011 30 378 109 
Ditch Creek - Porcupine 2012 24 283 58 
Ditch Creek - Porcupine 2013 39 204 96 
Ditch Creek - Porcupine 2014 34 475 116 
Ditch Creek - Porcupine 2015 31 354 NA 
Dutchman - Castle 1999 35 87 53 
Dutchman - Castle 2000 27 86 49 
Dutchman - Castle 2001 26 89 33 
Dutchman - Castle 2002 17 111 39 
Dutchman - Castle 2003 13 120 26 
Dutchman - Castle 2004 9 93 21 
Dutchman - Castle 2005 18 83 39 
Dutchman - Castle 2006 11 124 40 
Dutchman - Castle 2007 13 89 46 
Dutchman - Castle 2008 21 100 60 
Dutchman - Castle 2009 12 122 68 
Dutchman - Castle 2010 20 122 85 
Dutchman - Castle 2011 12 121 129 
Dutchman - Castle 2012 4 99 46 
Dutchman - Castle 2013 16 77 66 
Dutchman - Castle 2014 22 129 48 
151 
 
Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Dutchman - Castle 2015 26 84 NA 
Dutchman - Dutchman 1999 37 189 128 
Dutchman - Dutchman 2000 37 151 93 
Dutchman - Dutchman 2001 35 154 85 
Dutchman - Dutchman 2002 34 163 60 
Dutchman - Dutchman 2003 28 193 75 
Dutchman - Dutchman 2004 27 135 23 
Dutchman - Dutchman 2005 26 136 40 
Dutchman - Dutchman 2006 25 200 50 
Dutchman - Dutchman 2007 31 127 53 
Dutchman - Dutchman 2008 31 177 79 
Dutchman - Dutchman 2009 20 217 114 
Dutchman - Dutchman 2010 26 242 58 
Dutchman - Dutchman 2011 19 223 37 
Dutchman - Dutchman 2012 12 175 89 
Dutchman - Dutchman 2013 16 156 102 
Dutchman - Dutchman 2014 22 268 71 
Dutchman - Dutchman 2015 15 234 NA 
Dutchman - Kinney 1999 38 352 87 
Dutchman - Kinney 2000 34 308 99 
Dutchman - Kinney 2001 32 324 94 
Dutchman - Kinney 2002 30 338 84 
Dutchman - Kinney 2003 23 414 79 
Dutchman - Kinney 2004 22 291 73 
Dutchman - Kinney 2005 21 293 57 
Dutchman - Kinney 2006 22 413 48 
Dutchman - Kinney 2007 22 300 41 
Dutchman - Kinney 2008 28 362 58 
Dutchman - Kinney 2009 19 434 71 
Dutchman - Kinney 2010 29 451 83 
Dutchman - Kinney 2011 24 398 41 
Dutchman - Kinney 2012 17 323 60 
Dutchman - Kinney 2013 20 288 90 
Dutchman - Kinney 2014 23 489 69 
Dutchman - Kinney 2015 15 435 NA 
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Dutchman - Walk In Fishery 1999 38 197 0 
Dutchman - Walk In Fishery 2000 33 185 0 
Dutchman - Walk In Fishery 2001 36 169 0 
Dutchman - Walk In Fishery 2002 26 217 23 
Dutchman - Walk In Fishery 2003 20 251 0 
Dutchman - Walk In Fishery 2004 19 181 18 
Dutchman - Walk In Fishery 2005 20 175 40 
Dutchman - Walk In Fishery 2006 20 248 39 
Dutchman - Walk In Fishery 2007 22 173 36 
Dutchman - Walk In Fishery 2008 17 229 71 
Dutchman - Walk In Fishery 2009 10 270 60 
Dutchman - Walk In Fishery 2010 19 276 91 
Dutchman - Walk In Fishery 2011 9 279 52 
Dutchman - Walk In Fishery 2012 4 214 46 
Dutchman - Walk In Fishery 2013 13 182 47 
Dutchman - Walk In Fishery 2014 22 278 46 
Dutchman - Walk In Fishery 2015 19 227 NA 
Gillette Prairie - Cabin 1999 45 275 0 
Gillette Prairie - Cabin 2000 45 213 0 
Gillette Prairie - Cabin 2001 42 226 221 
Gillette Prairie - Cabin 2002 38 248 228 
Gillette Prairie - Cabin 2003 28 333 79 
Gillette Prairie - Cabin 2004 22 250 83 
Gillette Prairie - Cabin 2005 25 236 68 
Gillette Prairie - Cabin 2006 24 351 74 
Gillette Prairie - Cabin 2007 19 268 116 
Gillette Prairie - Cabin 2008 17 397 91 
Gillette Prairie - Cabin 2009 12 436 126 
Gillette Prairie - Cabin 2010 28 407 88 
Gillette Prairie - Cabin 2011 18 388 81 
Gillette Prairie - Cabin 2012 10 309 180 
Gillette Prairie - Cabin 2013 18 262 173 
Gillette Prairie - Cabin 2014 25 438 104 
Gillette Prairie - Cabin 2015 27 322 NA 
Gillette Prairie - Cement 1999 46 220 131 
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Gillette Prairie - Cement 2000 50 166 191 
Gillette Prairie - Cement 2001 43 196 217 
Gillette Prairie - Cement 2002 41 202 224 
Gillette Prairie - Cement 2003 29 269 69 
Gillette Prairie - Cement 2004 25 211 74 
Gillette Prairie - Cement 2005 27 200 76 
Gillette Prairie - Cement 2006 22 307 82 
Gillette Prairie - Cement 2007 15 245 100 
Gillette Prairie - Cement 2008 18 315 152 
Gillette Prairie - Cement 2009 8 402 72 
Gillette Prairie - Cement 2010 25 343 78 
Gillette Prairie - Cement 2011 16 328 176 
Gillette Prairie - Cement 2012 12 262 96 
Gillette Prairie - Cement 2013 23 204 86 
Gillette Prairie - Cement 2014 29 335 95 
Gillette Prairie - Cement 2015 29 260 NA 
Gillette Prairie - Jackson 1999 50 344 0 
Gillette Prairie - Jackson 2000 56 261 0 
Gillette Prairie - Jackson 2001 48 307 0 
Gillette Prairie - Jackson 2002 46 321 0 
Gillette Prairie - Jackson 2003 33 440 154 
Gillette Prairie - Jackson 2004 37 301 104 
Gillette Prairie - Jackson 2005 30 357 86 
Gillette Prairie - Jackson 2006 28 474 103 
Gillette Prairie - Jackson 2007 26 372 169 
Gillette Prairie - Jackson 2008 29 469 116 
Gillette Prairie - Jackson 2009 9 695 147 
Gillette Prairie - Jackson 2010 35 489 154 
Gillette Prairie - Jackson 2011 23 520 65 
Gillette Prairie - Jackson 2012 17 440 205 
Gillette Prairie - Jackson 2013 36 295 173 
Gillette Prairie - Jackson 2014 33 580 116 
Gillette Prairie - Jackson 2015 36 387 NA 
Gillette Prairie - Road 1999 44 248 0 
Gillette Prairie - Road 2000 45 197 50 
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Gillette Prairie - Road 2001 42 206 52 
Gillette Prairie - Road 2002 37 237 56 
Gillette Prairie - Road 2003 26 312 94 
Gillette Prairie - Road 2004 30 208 66 
Gillette Prairie - Road 2005 23 238 47 
Gillette Prairie - Road 2006 22 334 51 
Gillette Prairie - Road 2007 26 233 100 
Gillette Prairie - Road 2008 19 334 108 
Gillette Prairie - Road 2009 8 409 96 
Gillette Prairie - Road 2010 15 460 57 
Gillette Prairie - Road 2011 9 420 125 
Gillette Prairie - Road 2012 5 311 79 
Gillette Prairie - Road 2013 16 256 91 
Gillette Prairie - Road 2014 22 417 63 
Gillette Prairie - Road 2015 27 287 NA 
Gillette Prairie - Strickland 1999 55 166 19 
Gillette Prairie - Strickland 2000 42 184 64 
Gillette Prairie - Strickland 2001 36 211 317 
Gillette Prairie - Strickland 2002 28 248 300 
Gillette Prairie - Strickland 2003 14 329 135 
Gillette Prairie - Strickland 2004 10 257 233 
Gillette Prairie - Strickland 2005 11 255 217 
Gillette Prairie - Strickland 2006 11 333 201 
Gillette Prairie - Strickland 2007 15 238 78 
Gillette Prairie - Strickland 2008 24 270 24 
Gillette Prairie - Strickland 2009 15 315 134 
Gillette Prairie - Strickland 2010 21 345 127 
Gillette Prairie - Strickland 2011 14 321 161 
Gillette Prairie - Strickland 2012 10 254 52 
Gillette Prairie - Strickland 2013 24 199 158 
Gillette Prairie - Strickland 2014 30 299 82 
Gillette Prairie - Strickland 2015 33 217 NA 
Gordon Points - Lower China 1999 35 574 0 
Gordon Points - Lower China 2000 32 462 237 
Gordon Points - Lower China 2001 32 468 131 
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Gordon Points - Lower China 2002 30 483 134 
Gordon Points - Lower China 2003 23 577 196 
Gordon Points - Lower China 2004 21 407 NA 
Gordon Points - Lower China 2005 20 410 191 
Gordon Points - Lower China 2006 22 594 154 
Gordon Points - Lower China 2007 23 395 74 
Gordon Points - Lower China 2008 24 559 82 
Gordon Points - Lower China 2009 15 670 135 
Gordon Points - Lower China 2010 21 797 79 
Gordon Points - Lower China 2011 24 568 136 
Gordon Points - Lower China 2012 13 468 180 
Gordon Points - Lower China 2013 19 421 206 
Gordon Points - Lower China 2014 22 778 124 
Gordon Points - Lower China 2015 19 620 NA 
Gordon Points - Lower Gordon 1999 32 666 256 
Gordon Points - Lower Gordon 2000 32 505 0 
Gordon Points - Lower Gordon 2001 32 515 0 
Gordon Points - Lower Gordon 2002 27 582 173 
Gordon Points - Lower Gordon 2003 29 606 184 
Gordon Points - Lower Gordon 2004 22 450 NA 
Gordon Points - Lower Gordon 2005 23 448 167 
Gordon Points - Lower Gordon 2006 23 659 134 
Gordon Points - Lower Gordon 2007 22 451 149 
Gordon Points - Lower Gordon 2008 29 573 129 
Gordon Points - Lower Gordon 2009 17 729 148 
Gordon Points - Lower Gordon 2010 27 771 134 
Gordon Points - Lower Gordon 2011 29 594 171 
Gordon Points - Lower Gordon 2012 16 500 187 
Gordon Points - Lower Gordon 2013 28 399 74 
Gordon Points - Lower Gordon 2014 30 711 156 
Gordon Points - Lower Gordon 2015 23 631 NA 
Gordon Points - Middle Gordon 1999 41 93 62 
Gordon Points - Middle Gordon 2000 40 72 23 
Gordon Points - Middle Gordon 2001 39 74 13 
Gordon Points - Middle Gordon 2002 33 84 14 
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Gordon Points - Middle Gordon 2003 37 81 0 
Gordon Points - Middle Gordon 2004 27 66 NA 
Gordon Points - Middle Gordon 2005 35 55 62 
Gordon Points - Middle Gordon 2006 31 91 23 
Gordon Points - Middle Gordon 2007 27 65 6 
Gordon Points - Middle Gordon 2008 39 74 6 
Gordon Points - Middle Gordon 2009 25 102 7 
Gordon Points - Middle Gordon 2010 32 113 5 
Gordon Points - Middle Gordon 2011 25 105 7 
Gordon Points - Middle Gordon 2012 11 89 8 
Gordon Points - Middle Gordon 2013 27 67 3 
Gordon Points - Middle Gordon 2014 27 129 7 
Gordon Points - Middle Gordon 2015 26 100 NA 
Gordon Points - Upper China 1999 43 249 120 
Gordon Points - Upper China 2000 34 227 0 
Gordon Points - Upper China 2001 35 221 156 
Gordon Points - Upper China 2002 33 235 82 
Gordon Points - Upper China 2003 24 293 184 
Gordon Points - Upper China 2004 20 211 NA 
Gordon Points - Upper China 2005 20 211 105 
Gordon Points - Upper China 2006 22 301 19 
Gordon Points - Upper China 2007 22 202 58 
Gordon Points - Upper China 2008 27 269 69 
Gordon Points - Upper China 2009 16 340 60 
Gordon Points - Upper China 2010 25 370 69 
Gordon Points - Upper China 2011 26 279 67 
Gordon Points - Upper China 2012 16 229 71 
Gordon Points - Upper China 2013 21 202 85 
Gordon Points - Upper China 2014 22 387 57 
Gordon Points - Upper China 2015 20 303 NA 
Gordon Points - Upper Gordon 1999 43 195 0 
Gordon Points - Upper Gordon 2000 36 169 119 
Gordon Points - Upper Gordon 2001 37 165 55 
Gordon Points - Upper Gordon 2002 34 182 0 
Gordon Points - Upper Gordon 2003 24 222 0 
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Gordon Points - Upper Gordon 2004 24 152 NA 
Gordon Points - Upper Gordon 2005 23 152 86 
Gordon Points - Upper Gordon 2006 25 221 62 
Gordon Points - Upper Gordon 2007 25 149 42 
Gordon Points - Upper Gordon 2008 28 201 55 
Gordon Points - Upper Gordon 2009 18 251 48 
Gordon Points - Upper Gordon 2010 29 267 56 
Gordon Points - Upper Gordon 2011 31 194 56 
Gordon Points - Upper Gordon 2012 24 151 58 
Gordon Points - Upper Gordon 2013 29 135 69 
Gordon Points - Upper Gordon 2014 29 263 46 
Gordon Points - Upper Gordon 2015 24 221 NA 
Gordon Points - Whaley 1999 39 368 124 
Gordon Points - Whaley 2000 35 311 136 
Gordon Points - Whaley 2001 36 300 135 
Gordon Points - Whaley 2002 32 331 155 
Gordon Points - Whaley 2003 28 393 123 
Gordon Points - Whaley 2004 25 279 NA 
Gordon Points - Whaley 2005 23 287 111 
Gordon Points - Whaley 2006 25 410 0 
Gordon Points - Whaley 2007 25 279 58 
Gordon Points - Whaley 2008 27 367 89 
Gordon Points - Whaley 2009 19 452 77 
Gordon Points - Whaley 2010 28 477 45 
Gordon Points - Whaley 2011 23 410 82 
Gordon Points - Whaley 2012 14 335 118 
Gordon Points - Whaley 2013 25 265 103 
Gordon Points - Whaley 2014 26 484 86 
Gordon Points - Whaley 2015 20 421 NA 
Hill City - Lower Whitehorse 1999 44 172 85 
Hill City - Lower Whitehorse 2000 38 148 60 
Hill City - Lower Whitehorse 2001 35 161 67 
Hill City - Lower Whitehorse 2002 36 155 52 
Hill City - Lower Whitehorse 2003 30 190 63 
Hill City - Lower Whitehorse 2004 22 148 45 
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Hill City - Lower Whitehorse 2005 27 134 56 
Hill City - Lower Whitehorse 2006 25 208 72 
Hill City - Lower Whitehorse 2007 30 129 38 
Hill City - Lower Whitehorse 2008 33 168 40 
Hill City - Lower Whitehorse 2009 15 244 29 
Hill City - Lower Whitehorse 2010 18 294 13 
Hill City - Lower Whitehorse 2011 23 208 49 
Hill City - Lower Whitehorse 2012 17 161 47 
Hill City - Lower Whitehorse 2013 21 149 24 
Hill City - Lower Whitehorse 2014 25 259 38 
Hill City - Lower Whitehorse 2015 22 210 NA 
Hill City - Patterson 1999 39 730 107 
Hill City - Patterson 2000 39 560 115 
Hill City - Patterson 2001 35 608 138 
Hill City - Patterson 2002 35 599 138 
Hill City - Patterson 2003 32 681 199 
Hill City - Patterson 2004 22 557 149 
Hill City - Patterson 2005 27 507 141 
Hill City - Patterson 2006 20 860 178 
Hill City - Patterson 2007 23 555 152 
Hill City - Patterson 2008 29 706 132 
Hill City - Patterson 2009 14 962 53 
Hill City - Patterson 2010 18 1144 158 
Hill City - Patterson 2011 15 933 151 
Hill City - Patterson 2012 11 687 127 
Hill City - Patterson 2013 17 600 118 
Hill City - Patterson 2014 22 1068 90 
Hill City - Patterson 2015 18 881 NA 
Hill City - Renke 1999 39 102 0 
Hill City - Renke 2000 37 82 49 
Hill City - Renke 2001 33 87 62 
Hill City - Renke 2002 35 85 48 
Hill City - Renke 2003 30 103 57 
Hill City - Renke 2004 21 80 41 
Hill City - Renke 2005 26 72 51 
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Hill City - Renke 2006 22 116 65 
Hill City - Renke 2007 27 72 34 
Hill City - Renke 2008 33 89 35 
Hill City - Renke 2009 14 134 27 
Hill City - Renke 2010 22 145 11 
Hill City - Renke 2011 18 123 44 
Hill City - Renke 2012 12 95 42 
Hill City - Renke 2013 17 85 22 
Hill City - Renke 2014 23 145 34 
Hill City - Renke 2015 21 114 NA 
Hill City - Town 1999 41 499 91 
Hill City - Town 2000 37 408 88 
Hill City - Town 2001 35 420 93 
Hill City - Town 2002 33 439 68 
Hill City - Town 2003 29 482 0 
Hill City - Town 2004 22 378 0 
Hill City - Town 2005 25 357 0 
Hill City - Town 2006 26 520 0 
Hill City - Town 2007 25 355 66 
Hill City - Town 2008 28 492 61 
Hill City - Town 2009 16 637 193 
Hill City - Town 2010 12 916 120 
Hill City - Town 2011 17 628 99 
Hill City - Town 2012 10 476 41 
Hill City - Town 2013 17 409 43 
Hill City - Town 2014 17 820 59 
Hill City - Town 2015 18 600 NA 
Hill City - Upper Whitehorse 1999 44 449 93 
Hill City - Upper Whitehorse 2000 45 339 55 
Hill City - Upper Whitehorse 2001 41 368 0 
Hill City - Upper Whitehorse 2002 39 390 48 
Hill City - Upper Whitehorse 2003 35 451 51 
Hill City - Upper Whitehorse 2004 26 369 86 
Hill City - Upper Whitehorse 2005 33 313 72 
Hill City - Upper Whitehorse 2006 27 529 72 
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Hill City - Upper Whitehorse 2007 32 327 86 
Hill City - Upper Whitehorse 2008 37 422 68 
Hill City - Upper Whitehorse 2009 17 642 70 
Hill City - Upper Whitehorse 2010 30 629 69 
Hill City - Upper Whitehorse 2011 29 515 14 
Hill City - Upper Whitehorse 2012 22 400 72 
Hill City - Upper Whitehorse 2013 29 332 40 
Hill City - Upper Whitehorse 2014 25 697 59 
Hill City - Upper Whitehorse 2015 23 542 NA 
Hill City - West Zimmer 1999 38 495 40 
Hill City - West Zimmer 2000 37 383 0 
Hill City - West Zimmer 2001 34 406 80 
Hill City - West Zimmer 2002 31 433 74 
Hill City - West Zimmer 2003 19 566 99 
Hill City - West Zimmer 2004 17 397 104 
Hill City - West Zimmer 2005 21 363 99 
Hill City - West Zimmer 2006 21 554 82 
Hill City - West Zimmer 2007 23 356 59 
Hill City - West Zimmer 2008 27 481 75 
Hill City - West Zimmer 2009 14 637 66 
Hill City - West Zimmer 2010 17 783 38 
Hill City - West Zimmer 2011 24 514 58 
Hill City - West Zimmer 2012 17 398 99 
Hill City - West Zimmer 2013 20 369 86 
Hill City - West Zimmer 2014 19 733 132 
Hill City - West Zimmer 2015 19 557 NA 
Horsethief - Campground 1999 32 58 0 
Horsethief - Campground 2000 24 57 0 
Horsethief - Campground 2001 25 54 0 
Horsethief - Campground 2002 18 63 0 
Horsethief - Campground 2003 16 67 0 
Horsethief - Campground 2004 8 57 0 
Horsethief - Campground 2005 15 49 0 
Horsethief - Campground 2006 8 76 0 
Horsethief - Campground 2007 11 55 23 
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Horsethief - Campground 2008 25 53 125 
Horsethief - Campground 2009 15 66 19 
Horsethief - Campground 2010 23 72 29 
Horsethief - Campground 2011 13 69 13 
Horsethief - Campground 2012 12 55 19 
Horsethief - Campground 2013 14 50 35 
Horsethief - Campground 2014 23 70 29 
Horsethief - Campground 2015 17 62 NA 
Horsethief - East 1999 36 420 90 
Horsethief - East 2000 34 357 90 
Horsethief - East 2001 34 360 81 
Horsethief - East 2002 28 407 93 
Horsethief - East 2003 24 452 65 
Horsethief - East 2004 15 385 104 
Horsethief - East 2005 20 350 113 
Horsethief - East 2006 20 481 116 
Horsethief - East 2007 20 351 154 
Horsethief - East 2008 33 362 93 
Horsethief - East 2009 17 502 113 
Horsethief - East 2010 23 576 113 
Horsethief - East 2011 20 484 84 
Horsethief - East 2012 8 427 116 
Horsethief - East 2013 14 391 96 
Horsethief - East 2014 24 566 103 
Horsethief - East 2015 21 455 NA 
Horsethief - Horsethief 1999 46 463 86 
Horsethief - Horsethief 2000 43 379 79 
Horsethief - Horsethief 2001 39 400 81 
Horsethief - Horsethief 2002 35 444 79 
Horsethief - Horsethief 2003 32 495 79 
Horsethief - Horsethief 2004 26 393 92 
Horsethief - Horsethief 2005 29 354 113 
Horsethief - Horsethief 2006 27 540 116 
Horsethief - Horsethief 2007 32 341 23 
Horsethief - Horsethief 2008 34 467 129 
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Horsethief - Horsethief 2009 24 588 113 
Horsethief - Horsethief 2010 33 629 116 
Horsethief - Horsethief 2011 15 701 142 
Horsethief - Horsethief 2012 11 511 135 
Horsethief - Horsethief 2013 21 410 116 
Horsethief - Horsethief 2014 32 652 113 
Horsethief - Horsethief 2015 25 551 NA 
Horsethief - Lake 1999 37 187 67 
Horsethief - Lake 2000 35 153 86 
Horsethief - Lake 2001 35 152 81 
Horsethief - Lake 2002 29 175 72 
Horsethief - Lake 2003 22 205 74 
Horsethief - Lake 2004 19 154 120 
Horsethief - Lake 2005 22 146 119 
Horsethief - Lake 2006 19 222 113 
Horsethief - Lake 2007 25 141 129 
Horsethief - Lake 2008 33 160 87 
Horsethief - Lake 2009 14 238 90 
Horsethief - Lake 2010 23 255 87 
Horsethief - Lake 2011 19 213 87 
Horsethief - Lake 2012 12 175 90 
Horsethief - Lake 2013 17 155 92 
Horsethief - Lake 2014 23 260 84 
Horsethief - Lake 2015 16 223 NA 
Horsethief - Miller 1999 48 65 39 
Horsethief - Miller 2000 37 69 19 
Horsethief - Miller 2001 39 66 32 
Horsethief - Miller 2002 25 90 42 
Horsethief - Miller 2003 22 98 49 
Horsethief - Miller 2004 13 88 59 
Horsethief - Miller 2005 17 78 51 
Horsethief - Miller 2006 13 115 61 
Horsethief - Miller 2007 17 85 45 
Horsethief - Miller 2008 30 82 64 
Horsethief - Miller 2009 16 106 42 
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Horsethief - Miller 2010 33 95 40 
Horsethief - Miller 2011 16 107 48 
Horsethief - Miller 2012 11 89 25 
Horsethief - Miller 2013 26 64 46 
Horsethief - Miller 2014 31 99 53 
Horsethief - Miller 2015 25 85 NA 
Horsethief - West Miller 1999 39 32 0 
Horsethief - West Miller 2000 29 31 0 
Horsethief - West Miller 2001 31 29 0 
Horsethief - West Miller 2002 24 34 0 
Horsethief - West Miller 2003 12 44 16 
Horsethief - West Miller 2004 9 32 20 
Horsethief - West Miller 2005 11 31 0 
Horsethief - West Miller 2006 14 42 6 
Horsethief - West Miller 2007 24 25 19 
Horsethief - West Miller 2008 25 35 0 
Horsethief - West Miller 2009 19 38 16 
Horsethief - West Miller 2010 27 43 11 
Horsethief - West Miller 2011 7 47 19 
Horsethief - West Miller 2012 9 32 7 
Horsethief - West Miller 2013 16 27 12 
Horsethief - West Miller 2014 23 45 14 
Horsethief - West Miller 2015 16 39 NA 
Medicine Mountain - Gillette 1999 50 748 533 
Medicine Mountain - Gillette 2000 55 544 397 
Medicine Mountain - Gillette 2001 45 651 1444 
Medicine Mountain - Gillette 2002 44 674 446 
Medicine Mountain - Gillette 2003 30 954 465 
Medicine Mountain - Gillette 2004 24 750 514 
Medicine Mountain - Gillette 2005 25 734 200 
Medicine Mountain - Gillette 2006 25 1030 333 
Medicine Mountain - Gillette 2007 28 684 396 
Medicine Mountain - Gillette 2008 37 812 365 
Medicine Mountain - Gillette 2009 21 1120 365 
Medicine Mountain - Gillette 2010 25 1287 98 
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Medicine Mountain - Gillette 2011 19 1166 403 
Medicine Mountain - Gillette 2012 9 980 NA 
Medicine Mountain - Gillette 2013 24 718 533 
Medicine Mountain - Gillette 2014 37 970 455 
Medicine Mountain - Gillette 2015 31 895 NA 
Medicine Mountain - Loflan 1999 51 405 145 
Medicine Mountain - Loflan 2000 56 285 456 
Medicine Mountain - Loflan 2001 46 347 233 
Medicine Mountain - Loflan 2002 45 353 126 
Medicine Mountain - Loflan 2003 35 478 368 
Medicine Mountain - Loflan 2004 22 400 213 
Medicine Mountain - Loflan 2005 23 398 165 
Medicine Mountain - Loflan 2006 24 564 222 
Medicine Mountain - Loflan 2007 28 354 294 
Medicine Mountain - Loflan 2008 39 416 203 
Medicine Mountain - Loflan 2009 19 631 138 
Medicine Mountain - Loflan 2010 29 682 197 
Medicine Mountain - Loflan 2011 19 645 256 
Medicine Mountain - Loflan 2012 11 484 NA 
Medicine Mountain - Loflan 2013 26 378 271 
Medicine Mountain - Loflan 2014 32 632 155 
Medicine Mountain - Loflan 2015 26 545 NA 
Medicine Mountain - Medicine 
Mountain 
1999 43 696 523 
Medicine Mountain - Medicine 
Mountain 
2000 48 486 0 
Medicine Mountain - Medicine 
Mountain 
2001 41 572 388 
Medicine Mountain - Medicine 
Mountain 
2002 42 547 446 
Medicine Mountain - Medicine 
Mountain 
2003 30 752 213 
Medicine Mountain - Medicine 
Mountain 
2004 21 636 407 
Medicine Mountain - Medicine 
Mountain 
2005 27 570 383 
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Medicine Mountain - Medicine 
Mountain 
2006 22 887 343 
Medicine Mountain - Medicine 
Mountain 
2007 27 562 292 
Medicine Mountain - Medicine 
Mountain 
2008 37 645 360 
Medicine Mountain - Medicine 
Mountain 
2009 18 959 309 
Medicine Mountain - Medicine 
Mountain 
2010 22 1093 132 
Medicine Mountain - Medicine 
Mountain 
2011 18 935 176 
Medicine Mountain - Medicine 
Mountain 
2012 11 733 NA 
Medicine Mountain - Medicine 
Mountain 
2013 29 506 122 
Medicine Mountain - Medicine 
Mountain 
2014 38 788 160 
Medicine Mountain - Medicine 
Mountain 
2015 31 699 NA 
Medicine Mountain - Simpkins 1999 48 406 0 
Medicine Mountain - Simpkins 2000 49 304 155 
Medicine Mountain - Simpkins 2001 48 310 0 
Medicine Mountain - Simpkins 2002 43 342 145 
Medicine Mountain - Simpkins 2003 36 419 136 
Medicine Mountain - Simpkins 2004 21 374 0 
Medicine Mountain - Simpkins 2005 25 351 226 
Medicine Mountain - Simpkins 2006 19 573 213 
Medicine Mountain - Simpkins 2007 26 339 168 
Medicine Mountain - Simpkins 2008 30 474 112 
Medicine Mountain - Simpkins 2009 15 624 133 
Medicine Mountain - Simpkins 2010 28 637 237 
Medicine Mountain - Simpkins 2011 22 553 187 
Medicine Mountain - Simpkins 2012 14 430 NA 
Medicine Mountain - Simpkins 2013 27 328 61 
Medicine Mountain - Simpkins 2014 24 684 196 
Medicine Mountain - Simpkins 2015 26 499 NA 
Murphy - Bear Springs 1999 48 376 198 
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Murphy - Bear Springs 2000 44 311 159 
Murphy - Bear Springs 2001 39 345 205 
Murphy - Bear Springs 2002 37 365 199 
Murphy - Bear Springs 2003 26 471 0 
Murphy - Bear Springs 2004 22 344 256 
Murphy - Bear Springs 2005 24 329 177 
Murphy - Bear Springs 2006 22 508 221 
Murphy - Bear Springs 2007 28 307 73 
Murphy - Bear Springs 2008 31 424 191 
Murphy - Bear Springs 2009 10 637 184 
Murphy - Bear Springs 2010 33 528 130 
Murphy - Bear Springs 2011 23 498 100 
Murphy - Bear Springs 2012 15 394 172 
Murphy - Bear Springs 2013 34 256 173 
Murphy - Bear Springs 2014 43 422 208 
Murphy - Bear Springs 2015 28 434 NA 
Murphy - Fox Flats 1999 36 209 125 
Murphy - Fox Flats 2000 22 227 116 
Murphy - Fox Flats 2001 32 194 198 
Murphy - Fox Flats 2002 13 268 31 
Murphy - Fox Flats 2003 7 306 45 
Murphy - Fox Flats 2004 7 230 64 
Murphy - Fox Flats 2005 9 224 20 
Murphy - Fox Flats 2006 7 306 76 
Murphy - Fox Flats 2007 6 234 105 
Murphy - Fox Flats 2008 22 224 97 
Murphy - Fox Flats 2009 3 319 91 
Murphy - Fox Flats 2010 24 291 88 
Murphy - Fox Flats 2011 11 290 60 
Murphy - Fox Flats 2012 2 241 122 
Murphy - Fox Flats 2013 23 175 125 
Murphy - Fox Flats 2014 29 253 98 
Murphy - Fox Flats 2015 32 188 NA 
Murphy - Gillette 1999 39 306 205 
Murphy - Gillette 2000 39 231 46 
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Murphy - Gillette 2001 39 227 205 
Murphy - Gillette 2002 34 260 0 
Murphy - Gillette 2003 21 359 165 
Murphy - Gillette 2004 22 238 0 
Murphy - Gillette 2005 22 244 139 
Murphy - Gillette 2006 23 340 0 
Murphy - Gillette 2007 23 241 130 
Murphy - Gillette 2008 28 301 66 
Murphy - Gillette 2009 12 414 130 
Murphy - Gillette 2010 28 400 184 
Murphy - Gillette 2011 26 326 125 
Murphy - Gillette 2012 15 275 162 
Murphy - Gillette 2013 27 215 159 
Murphy - Gillette 2014 37 308 171 
Murphy - Gillette 2015 30 282 NA 
Murphy - Long Canyon 1999 46 478 0 
Murphy - Long Canyon 2000 46 377 185 
Murphy - Long Canyon 2001 43 395 198 
Murphy - Long Canyon 2002 43 391 270 
Murphy - Long Canyon 2003 29 574 264 
Murphy - Long Canyon 2004 24 415 197 
Murphy - Long Canyon 2005 20 455 225 
Murphy - Long Canyon 2006 21 639 229 
Murphy - Long Canyon 2007 22 435 88 
Murphy - Long Canyon 2008 28 554 177 
Murphy - Long Canyon 2009 10 794 184 
Murphy - Long Canyon 2010 26 767 184 
Murphy - Long Canyon 2011 20 663 125 
Murphy - Long Canyon 2012 15 492 173 
Murphy - Long Canyon 2013 27 372 208 
Murphy - Long Canyon 2014 39 590 157 
Murphy - Long Canyon 2015 26 560 NA 
Murphy - Spring Creek 1999 44 300 205 
Murphy - Spring Creek 2000 45 225 231 
Murphy - Spring Creek 2001 41 245 0 
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Murphy - Spring Creek 2002 40 260 178 
Murphy - Spring Creek 2003 23 390 205 
Murphy - Spring Creek 2004 23 259 93 
Murphy - Spring Creek 2005 25 252 133 
Murphy - Spring Creek 2006 22 380 221 
Murphy - Spring Creek 2007 28 236 0 
Murphy - Spring Creek 2008 35 281 184 
Murphy - Spring Creek 2009 13 449 184 
Murphy - Spring Creek 2010 32 410 191 
Murphy - Spring Creek 2011 25 365 125 
Murphy - Spring Creek 2012 10 324 157 
Murphy - Spring Creek 2013 32 213 159 
Murphy - Spring Creek 2014 36 364 152 
Murphy - Spring Creek 2015 32 292 NA 
Newton Fork - Brushy 1999 45 321 122 
Newton Fork - Brushy 2000 42 261 122 
Newton Fork - Brushy 2001 41 264 88 
Newton Fork - Brushy 2002 36 295 104 
Newton Fork - Brushy 2003 35 323 94 
Newton Fork - Brushy 2004 22 270 98 
Newton Fork - Brushy 2005 28 240 88 
Newton Fork - Brushy 2006 24 383 95 
Newton Fork - Brushy 2007 28 244 95 
Newton Fork - Brushy 2008 32 324 108 
Newton Fork - Brushy 2009 20 419 112 
Newton Fork - Brushy 2010 21 538 104 
Newton Fork - Brushy 2011 18 430 115 
Newton Fork - Brushy 2012 13 319 102 
Newton Fork - Brushy 2013 19 281 95 
Newton Fork - Brushy 2014 23 517 100 
Newton Fork - Brushy 2015 18 422 NA 
Newton Fork - Gooseberry 1999 40 645 157 
Newton Fork - Gooseberry 2000 43 465 286 
Newton Fork - Gooseberry 2001 37 522 237 
Newton Fork - Gooseberry 2002 35 554 195 
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Newton Fork - Gooseberry 2003 31 622 21 
Newton Fork - Gooseberry 2004 19 525 214 
Newton Fork - Gooseberry 2005 23 491 194 
Newton Fork - Gooseberry 2006 22 731 211 
Newton Fork - Gooseberry 2007 27 449 214 
Newton Fork - Gooseberry 2008 35 550 201 
Newton Fork - Gooseberry 2009 18 786 217 
Newton Fork - Gooseberry 2010 17 1057 234 
Newton Fork - Gooseberry 2011 15 835 184 
Newton Fork - Gooseberry 2012 9 622 228 
Newton Fork - Gooseberry 2013 19 518 191 
Newton Fork - Gooseberry 2014 26 881 230 
Newton Fork - Gooseberry 2015 21 733 NA 
Newton Fork - Thompson 1999 47 279 94 
Newton Fork - Thompson 2000 51 198 0 
Newton Fork - Thompson 2001 43 238 88 
Newton Fork - Thompson 2002 40 249 119 
Newton Fork - Thompson 2003 30 322 94 
Newton Fork - Thompson 2004 21 256 121 
Newton Fork - Thompson 2005 21 252 73 
Newton Fork - Thompson 2006 20 381 113 
Newton Fork - Thompson 2007 20 256 107 
Newton Fork - Thompson 2008 29 321 96 
Newton Fork - Thompson 2009 16 413 93 
Newton Fork - Thompson 2010 19 515 67 
Newton Fork - Thompson 2011 21 375 92 
Newton Fork - Thompson 2012 16 275 89 
Newton Fork - Thompson 2013 22 243 130 
Newton Fork - Thompson 2014 25 468 92 
Newton Fork - Thompson 2015 20 378 NA 
Pactola - Collins 1999 30 361 95 
Pactola - Collins 2000 35 247 95 
Pactola - Collins 2001 31 270 95 
Pactola - Collins 2002 20 336 95 
Pactola - Collins 2003 16 371 54 
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Pactola - Collins 2004 13 265 54 
Pactola - Collins 2005 15 256 37 
Pactola - Collins 2006 14 384 43 
Pactola - Collins 2007 15 254 85 
Pactola - Collins 2008 21 331 112 
Pactola - Collins 2009 15 375 81 
Pactola - Collins 2010 25 405 44 
Pactola - Collins 2011 23 317 84 
Pactola - Collins 2012 21 225 37 
Pactola - Collins 2013 24 212 36 
Pactola - Collins 2014 28 387 35 
Pactola - Collins 2015 26 297 NA 
Pactola - Doty 1999 32 251 133 
Pactola - Doty 2000 32 212 96 
Pactola - Doty 2001 33 209 133 
Pactola - Doty 2002 28 238 0 
Pactola - Doty 2003 32 228 36 
Pactola - Doty 2004 20 219 47 
Pactola - Doty 2005 24 206 55 
Pactola - Doty 2006 23 270 49 
Pactola - Doty 2007 25 201 0 
Pactola - Doty 2008 31 223 49 
Pactola - Doty 2009 20 294 49 
Pactola - Doty 2010 39 229 49 
Pactola - Doty 2011 36 204 49 
Pactola - Doty 2012 23 241 41 
Pactola - Doty 2013 32 182 48 
Pactola - Doty 2014 37 245 60 
Pactola - Doty 2015 32 217 NA 
Pactola - Merchen 1999 32 1193 129 
Pactola - Merchen 2000 33 977 133 
Pactola - Merchen 2001 34 960 129 
Pactola - Merchen 2002 28 1090 0 
Pactola - Merchen 2003 40 891 0 
Pactola - Merchen 2004 25 893 0 
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Pactola - Merchen 2005 35 739 0 
Pactola - Merchen 2006 28 1106 0 
Pactola - Merchen 2007 30 789 0 
Pactola - Merchen 2008 39 853 0 
Pactola - Merchen 2009 20 1326 0 
Pactola - Merchen 2010 37 1050 0 
Pactola - Merchen 2011 41 843 0 
Pactola - Merchen 2012 24 892 0 
Pactola - Merchen 2013 37 711 0 
Pactola - Merchen 2014 39 1043 0 
Pactola - Merchen 2015 28 1208 NA 
Pactola - Rubys Ridge 1999 32 1235 102 
Pactola - Rubys Ridge 2000 30 1139 88 
Pactola - Rubys Ridge 2001 31 1110 106 
Pactola - Rubys Ridge 2002 28 1198 107 
Pactola - Rubys Ridge 2003 38 1031 93 
Pactola - Rubys Ridge 2004 25 1030 44 
Pactola - Rubys Ridge 2005 31 924 73 
Pactola - Rubys Ridge 2006 30 1218 81 
Pactola - Rubys Ridge 2007 31 945 0 
Pactola - Rubys Ridge 2008 35 1036 81 
Pactola - Rubys Ridge 2009 24 1317 81 
Pactola - Rubys Ridge 2010 37 1132 81 
Pactola - Rubys Ridge 2011 40 932 81 
Pactola - Rubys Ridge 2012 27 994 81 
Pactola - Rubys Ridge 2013 37 845 67 
Pactola - Rubys Ridge 2014 36 1169 45 
Pactola - Rubys Ridge 2015 31 1096 NA 
Pactola - Sawmill 1999 35 509 19 
Pactola - Sawmill 2000 37 374 19 
Pactola - Sawmill 2001 35 389 19 
Pactola - Sawmill 2002 30 432 19 
Pactola - Sawmill 2003 39 379 22 
Pactola - Sawmill 2004 26 329 18 
Pactola - Sawmill 2005 34 286 43 
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Pactola - Sawmill 2006 33 430 0 
Pactola - Sawmill 2007 27 327 0 
Pactola - Sawmill 2008 37 382 0 
Pactola - Sawmill 2009 19 553 0 
Pactola - Sawmill 2010 26 641 0 
Pactola - Sawmill 2011 30 449 0 
Pactola - Sawmill 2012 20 370 0 
Pactola - Sawmill 2013 29 311 0 
Pactola - Sawmill 2014 26 636 0 
Pactola - Sawmill 2015 24 498 NA 
Pactola - Stuck 1999 27 3503 270 
Pactola - Stuck 2000 28 3089 241 
Pactola - Stuck 2001 27 3170 241 
Pactola - Stuck 2002 26 3277 243 
Pactola - Stuck 2003 35 2839 237 
Pactola - Stuck 2004 24 2761 232 
Pactola - Stuck 2005 27 2574 242 
Pactola - Stuck 2006 24 3550 170 
Pactola - Stuck 2007 22 2928 241 
Pactola - Stuck 2008 24 3542 241 
Pactola - Stuck 2009 16 4066 239 
Pactola - Stuck 2010 26 3824 241 
Pactola - Stuck 2011 28 3299 NA 
Pactola - Stuck 2012 17 3209 241 
Pactola - Stuck 2013 23 2899 241 
Pactola - Stuck 2014 26 3720 241 
Pactola - Stuck 2015 25 3364 NA 
Pactola - Work Center 1999 36 1515 118 
Pactola - Work Center 2000 39 1104 118 
Pactola - Work Center 2001 34 1212 118 
Pactola - Work Center 2002 28 1377 118 
Pactola - Work Center 2003 33 1315 139 
Pactola - Work Center 2004 22 1107 136 
Pactola - Work Center 2005 29 968 73 
Pactola - Work Center 2006 29 1414 178 
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Pactola - Work Center 2007 24 1071 103 
Pactola - Work Center 2008 35 1222 86 
Pactola - Work Center 2009 19 1695 103 
Pactola - Work Center 2010 36 1585 105 
Pactola - Work Center 2011 38 1170 95 
Pactola - Work Center 2012 22 1092 137 
Pactola - Work Center 2013 38 823 80 
Pactola - Work Center 2014 35 1614 78 
Pactola - Work Center 2015 32 1393 NA 
Palmer Gulch - Dump 1999 41 63 60 
Palmer Gulch - Dump 2000 38 52 67 
Palmer Gulch - Dump 2001 35 56 67 
Palmer Gulch - Dump 2002 29 64 29 
Palmer Gulch - Dump 2003 19 85 33 
Palmer Gulch - Dump 2004 17 60 0 
Palmer Gulch - Dump 2005 18 58 0 
Palmer Gulch - Dump 2006 20 83 0 
Palmer Gulch - Dump 2007 18 60 0 
Palmer Gulch - Dump 2008 25 70 0 
Palmer Gulch - Dump 2009 13 89 0 
Palmer Gulch - Dump 2010 22 100 0 
Palmer Gulch - Dump 2011 12 90 0 
Palmer Gulch - Dump 2012 2 75 70 
Palmer Gulch - Dump 2013 19 53 0 
Palmer Gulch - Dump 2014 24 92 0 
Palmer Gulch - Dump 2015 27 65 NA 
Palmer Gulch - East Zimmer 1999 42 135 59 
Palmer Gulch - East Zimmer 2000 38 111 59 
Palmer Gulch - East Zimmer 2001 36 116 59 
Palmer Gulch - East Zimmer 2002 34 119 24 
Palmer Gulch - East Zimmer 2003 27 143 45 
Palmer Gulch - East Zimmer 2004 21 111 35 
Palmer Gulch - East Zimmer 2005 27 97 43 
Palmer Gulch - East Zimmer 2006 28 143 34 
Palmer Gulch - East Zimmer 2007 27 98 34 
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Palmer Gulch - East Zimmer 2008 30 134 36 
Palmer Gulch - East Zimmer 2009 17 177 45 
Palmer Gulch - East Zimmer 2010 25 197 72 
Palmer Gulch - East Zimmer 2011 36 117 NA 
Palmer Gulch - East Zimmer 2012 16 122 55 
Palmer Gulch - East Zimmer 2013 24 104 57 
Palmer Gulch - East Zimmer 2014 22 206 57 
Palmer Gulch - East Zimmer 2015 22 156 NA 
Palmer Gulch - Ford 1999 40 223 89 
Palmer Gulch - Ford 2000 41 166 48 
Palmer Gulch - Ford 2001 38 177 67 
Palmer Gulch - Ford 2002 37 184 29 
Palmer Gulch - Ford 2003 38 199 88 
Palmer Gulch - Ford 2004 32 145 84 
Palmer Gulch - Ford 2005 33 149 48 
Palmer Gulch - Ford 2006 29 239 23 
Palmer Gulch - Ford 2007 23 178 0 
Palmer Gulch - Ford 2008 27 235 0 
Palmer Gulch - Ford 2009 14 305 114 
Palmer Gulch - Ford 2010 27 297 70 
Palmer Gulch - Ford 2011 33 205 102 
Palmer Gulch - Ford 2012 13 211 51 
Palmer Gulch - Ford 2013 20 183 84 
Palmer Gulch - Ford 2014 22 327 3 
Palmer Gulch - Ford 2015 23 245 NA 
Palmer Gulch - Keystone 1999 36 413 0 
Palmer Gulch - Keystone 2000 34 334 165 
Palmer Gulch - Keystone 2001 32 351 143 
Palmer Gulch - Keystone 2002 28 375 85 
Palmer Gulch - Keystone 2003 32 374 170 
Palmer Gulch - Keystone 2004 22 305 163 
Palmer Gulch - Keystone 2005 27 279 72 
Palmer Gulch - Keystone 2006 22 457 149 
Palmer Gulch - Keystone 2007 19 328 96 
Palmer Gulch - Keystone 2008 30 380 64 
175 
 
Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Palmer Gulch - Keystone 2009 16 506 124 
Palmer Gulch - Keystone 2010 26 529 140 
Palmer Gulch - Keystone 2011 31 369 130 
Palmer Gulch - Keystone 2012 13 362 152 
Palmer Gulch - Keystone 2013 22 309 56 
Palmer Gulch - Keystone 2014 30 475 136 
Palmer Gulch - Keystone 2015 27 392 NA 
Palmer Gulch - Lower Bear 1999 47 198 56 
Palmer Gulch - Lower Bear 2000 45 155 0 
Palmer Gulch - Lower Bear 2001 41 166 80 
Palmer Gulch - Lower Bear 2002 41 169 72 
Palmer Gulch - Lower Bear 2003 31 212 58 
Palmer Gulch - Lower Bear 2004 29 146 67 
Palmer Gulch - Lower Bear 2005 32 137 50 
Palmer Gulch - Lower Bear 2006 31 215 68 
Palmer Gulch - Lower Bear 2007 33 137 68 
Palmer Gulch - Lower Bear 2008 35 195 64 
Palmer Gulch - Lower Bear 2009 13 306 47 
Palmer Gulch - Lower Bear 2010 20 360 92 
Palmer Gulch - Lower Bear 2011 30 221 NA 
Palmer Gulch - Lower Bear 2012 26 157 60 
Palmer Gulch - Lower Bear 2013 30 142 83 
Palmer Gulch - Lower Bear 2014 30 290 91 
Palmer Gulch - Lower Bear 2015 29 221 NA 
Palmer Gulch - Palmer 1999 47 404 84 
Palmer Gulch - Palmer 2000 45 317 93 
Palmer Gulch - Palmer 2001 41 348 64 
Palmer Gulch - Palmer 2002 39 361 60 
Palmer Gulch - Palmer 2003 31 439 54 
Palmer Gulch - Palmer 2004 29 307 67 
Palmer Gulch - Palmer 2005 31 293 67 
Palmer Gulch - Palmer 2006 33 420 68 
Palmer Gulch - Palmer 2007 35 273 54 
Palmer Gulch - Palmer 2008 34 408 50 
Palmer Gulch - Palmer 2009 17 594 55 
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Palmer Gulch - Palmer 2010 34 539 89 
Palmer Gulch - Palmer 2011 36 393 NA 
Palmer Gulch - Palmer 2012 21 369 60 
Palmer Gulch - Palmer 2013 22 351 60 
Palmer Gulch - Palmer 2014 22 696 3 
Palmer Gulch - Palmer 2015 21 532 NA 
Palmer Gulch - Rabbit 1999 42 398 56 
Palmer Gulch - Rabbit 2000 37 337 61 
Palmer Gulch - Rabbit 2001 35 352 53 
Palmer Gulch - Rabbit 2002 31 388 81 
Palmer Gulch - Rabbit 2003 22 481 25 
Palmer Gulch - Rabbit 2004 17 355 60 
Palmer Gulch - Rabbit 2005 22 323 45 
Palmer Gulch - Rabbit 2006 24 466 0 
Palmer Gulch - Rabbit 2007 23 320 39 
Palmer Gulch - Rabbit 2008 23 457 55 
Palmer Gulch - Rabbit 2009 16 532 61 
Palmer Gulch - Rabbit 2010 24 590 124 
Palmer Gulch - Rabbit 2011 28 421 NA 
Palmer Gulch - Rabbit 2012 15 377 40 
Palmer Gulch - Rabbit 2013 22 320 60 
Palmer Gulch - Rabbit 2014 24 582 59 
Palmer Gulch - Rabbit 2015 21 468 NA 
Palmer Gulch - Samalias 1999 36 644 200 
Palmer Gulch - Samalias 2000 37 483 156 
Palmer Gulch - Samalias 2001 38 467 124 
Palmer Gulch - Samalias 2002 34 504 95 
Palmer Gulch - Samalias 2003 45 436 145 
Palmer Gulch - Samalias 2004 31 376 128 
Palmer Gulch - Samalias 2005 41 312 110 
Palmer Gulch - Samalias 2006 35 520 108 
Palmer Gulch - Samalias 2007 31 369 0 
Palmer Gulch - Samalias 2008 42 447 0 
Palmer Gulch - Samalias 2009 25 650 95 
Palmer Gulch - Samalias 2010 38 630 105 
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Palmer Gulch - Samalias 2011 44 438 105 
Palmer Gulch - Samalias 2012 17 491 98 
Palmer Gulch - Samalias 2013 38 331 95 
Palmer Gulch - Samalias 2014 35 672 73 
Palmer Gulch - Samalias 2015 32 545 NA 
Palmer Gulch - Sawmill 1999 40 114 34 
Palmer Gulch - Sawmill 2000 38 94 0 
Palmer Gulch - Sawmill 2001 36 99 0 
Palmer Gulch - Sawmill 2002 33 108 0 
Palmer Gulch - Sawmill 2003 31 117 0 
Palmer Gulch - Sawmill 2004 26 89 0 
Palmer Gulch - Sawmill 2005 25 89 0 
Palmer Gulch - Sawmill 2006 26 131 0 
Palmer Gulch - Sawmill 2007 25 92 0 
Palmer Gulch - Sawmill 2008 27 122 0 
Palmer Gulch - Sawmill 2009 12 163 0 
Palmer Gulch - Sawmill 2010 18 183 0 
Palmer Gulch - Sawmill 2011 20 143 0 
Palmer Gulch - Sawmill 2012 8 121 0 
Palmer Gulch - Sawmill 2013 19 100 0 
Palmer Gulch - Sawmill 2014 27 155 0 
Palmer Gulch - Sawmill 2015 18 143 NA 
Palmer Gulch - Sunday 1999 49 27 48 
Palmer Gulch - Sunday 2000 51 21 42 
Palmer Gulch - Sunday 2001 44 24 21 
Palmer Gulch - Sunday 2002 47 23 27 
Palmer Gulch - Sunday 2003 21 45 25 
Palmer Gulch - Sunday 2004 28 28 20 
Palmer Gulch - Sunday 2005 34 22 21 
Palmer Gulch - Sunday 2006 26 42 20 
Palmer Gulch - Sunday 2007 30 27 22 
Palmer Gulch - Sunday 2008 41 27 14 
Palmer Gulch - Sunday 2009 5 57 26 
Palmer Gulch - Sunday 2010 15 58 32 
Palmer Gulch - Sunday 2011 24 38 NA 
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Palmer Gulch - Sunday 2012 13 35 29 
Palmer Gulch - Sunday 2013 13 32 26 
Palmer Gulch - Sunday 2014 37 34 0 
Palmer Gulch - Sunday 2015 32 31 NA 
Palmer Gulch - Upper Bear 1999 49 452 95 
Palmer Gulch - Upper Bear 2000 46 364 138 
Palmer Gulch - Upper Bear 2001 44 385 102 
Palmer Gulch - Upper Bear 2002 43 392 80 
Palmer Gulch - Upper Bear 2003 34 498 117 
Palmer Gulch - Upper Bear 2004 32 360 107 
Palmer Gulch - Upper Bear 2005 32 366 112 
Palmer Gulch - Upper Bear 2006 31 537 86 
Palmer Gulch - Upper Bear 2007 33 352 115 
Palmer Gulch - Upper Bear 2008 37 451 102 
Palmer Gulch - Upper Bear 2009 15 742 105 
Palmer Gulch - Upper Bear 2010 29 723 239 
Palmer Gulch - Upper Bear 2011 30 558 NA 
Palmer Gulch - Upper Bear 2012 21 446 121 
Palmer Gulch - Upper Bear 2013 28 374 118 
Palmer Gulch - Upper Bear 2014 37 594 116 
Palmer Gulch - Upper Bear 2015 30 529 NA 
Porcupine - Antelope Springs 1999 28 1441 219 
Porcupine - Antelope Springs 2000 20 1516 122 
Porcupine - Antelope Springs 2001 11 1913 0 
Porcupine - Antelope Springs 2002 10 1886 NA 
Porcupine - Antelope Springs 2003 6 2028 264 
Porcupine - Antelope Springs 2004 1 1755 313 
Porcupine - Antelope Springs 2005 3 1706 298 
Porcupine - Antelope Springs 2006 1 2185 173 
Porcupine - Antelope Springs 2007 2 1731 246 
Porcupine - Antelope Springs 2008 3 2135 218 
Porcupine - Antelope Springs 2009 1 2203 178 
Porcupine - Antelope Springs 2010 2 2389 234 
Porcupine - Antelope Springs 2011 2 2169 135 
Porcupine - Antelope Springs 2012 0 1776 217 
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Porcupine - Antelope Springs 2013 3 1705 129 
Porcupine - Antelope Springs 2014 2 2382 248 
Porcupine - Antelope Springs 2015 3 2139 NA 
Porcupine - Babbington - North Wolf 
1 
1999 36 560 211 
Porcupine - Babbington - North Wolf 
1 
2000 22 634 222 
Porcupine - Babbington - North Wolf 
1 
2001 7 801 0 
Porcupine - Babbington - North Wolf 
1 
2002 8 786 NA 
Porcupine - Babbington - North Wolf 
1 
2003 2 889 171 
Porcupine - Babbington - North Wolf 
1 
2004 1 680 0 
Porcupine - Babbington - North Wolf 
1 
2005 2 670 147 
Porcupine - Babbington - North Wolf 
1 
2006 1 912 249 
Porcupine - Babbington - North Wolf 
1 
2007 1 679 183 
Porcupine - Babbington - North Wolf 
1 
2008 4 862 163 
Porcupine - Babbington - North Wolf 
1 
2009 0 926 205 
Porcupine - Babbington - North Wolf 
1 
2010 4 1038 185 
Porcupine - Babbington - North Wolf 
1 
2011 2 895 224 
Porcupine - Babbington - North Wolf 
1 
2012 0 690 228 
Porcupine - Babbington - North Wolf 
1 
2013 4 643 179 
Porcupine - Babbington - North Wolf 
1 
2014 12 887 172 
Porcupine - Babbington - North Wolf 
1 
2015 4 849 NA 
Porcupine - CooperSDGPA 1999 29 233 183 
Porcupine - CooperSDGPA 2000 19 242 NA 
Porcupine - CooperSDGPA 2001 14 254 0 
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Porcupine - CooperSDGPA 2002 13 260 NA 
Porcupine - CooperSDGPA 2003 3 312 NA 
Porcupine - CooperSDGPA 2004 1 241 69 
Porcupine - CooperSDGPA 2005 4 234 NA 
Porcupine - CooperSDGPA 2006 3 317 NA 
Porcupine - CooperSDGPA 2007 4 236 NA 
Porcupine - CooperSDGPA 2008 8 295 NA 
Porcupine - CooperSDGPA 2009 2 317 0 
Porcupine - CooperSDGPA 2010 11 332 65 
Porcupine - CooperSDGPA 2011 3 316 212 
Porcupine - CooperSDGPA 2012 1 241 120 
Porcupine - CooperSDGPA 2013 6 223 26 
Porcupine - CooperSDGPA 2014 12 319 198 
Porcupine - CooperSDGPA 2015 13 258 NA 
Porcupine - North Wolf 2 1999 44 188 107 
Porcupine - North Wolf 2 2000 29 196 90 
Porcupine - North Wolf 2 2001 3 328 0 
Porcupine - North Wolf 2 2002 5 315 NA 
Porcupine - North Wolf 2 2003 0 346 157 
Porcupine - North Wolf 2 2004 0 231 167 
Porcupine - North Wolf 2 2005 0 230 98 
Porcupine - North Wolf 2 2006 0 345 105 
Porcupine - North Wolf 2 2007 0 231 166 
Porcupine - North Wolf 2 2008 4 319 200 
Porcupine - North Wolf 2 2009 0 346 204 
Porcupine - North Wolf 2 2010 3 425 129 
Porcupine - North Wolf 2 2011 1 344 163 
Porcupine - North Wolf 2 2012 0 231 159 
Porcupine - North Wolf 2 2013 1 228 143 
Porcupine - North Wolf 2 2014 8 391 99 
Porcupine - North Wolf 2 2015 2 335 NA 
Porcupine - North Wolf 3 1999 37 567 189 
Porcupine - North Wolf 3 2000 31 560 249 
Porcupine - North Wolf 3 2001 6 965 0 
Porcupine - North Wolf 3 2002 4 955 NA 
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Porcupine - North Wolf 3 2003 1 1007 243 
Porcupine - North Wolf 3 2004 0 773 226 
Porcupine - North Wolf 3 2005 1 767 212 
Porcupine - North Wolf 3 2006 0 1016 151 
Porcupine - North Wolf 3 2007 0 773 229 
Porcupine - North Wolf 3 2008 1 1000 200 
Porcupine - North Wolf 3 2009 0 1017 204 
Porcupine - North Wolf 3 2010 2 1150 247 
Porcupine - North Wolf 3 2011 0 1018 305 
Porcupine - North Wolf 3 2012 0 774 273 
Porcupine - North Wolf 3 2013 0 772 358 
Porcupine - North Wolf 3 2014 5 1093 206 
Porcupine - North Wolf 3 2015 1 1011 NA 
Porcupine - Signal 1999 33 441 178 
Porcupine - Signal 2000 28 398 0 
Porcupine - Signal 2001 14 546 0 
Porcupine - Signal 2002 16 517 NA 
Porcupine - Signal 2003 8 598 140 
Porcupine - Signal 2004 5 469 110 
Porcupine - Signal 2005 7 450 91 
Porcupine - Signal 2006 4 630 151 
Porcupine - Signal 2007 7 455 0 
Porcupine - Signal 2008 14 545 65 
Porcupine - Signal 2009 3 642 248 
Porcupine - Signal 2010 9 700 106 
Porcupine - Signal 2011 5 627 154 
Porcupine - Signal 2012 2 483 129 
Porcupine - Signal 2013 5 465 189 
Porcupine - Signal 2014 9 711 132 
Porcupine - Signal 2015 9 592 NA 
Porcupine - South Exchange 1999 21 267 159 
Porcupine - South Exchange 2000 19 245 0 
Porcupine - South Exchange 2001 11 288 0 
Porcupine - South Exchange 2002 12 287 NA 
Porcupine - South Exchange 2003 3 339 124 
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Porcupine - South Exchange 2004 1 265 147 
Porcupine - South Exchange 2005 3 260 47 
Porcupine - South Exchange 2006 1 343 78 
Porcupine - South Exchange 2007 2 261 105 
Porcupine - South Exchange 2008 10 289 69 
Porcupine - South Exchange 2009 3 332 89 
Porcupine - South Exchange 2010 6 362 33 
Porcupine - South Exchange 2011 2 336 96 
Porcupine - South Exchange 2012 1 269 87 
Porcupine - South Exchange 2013 4 251 103 
Porcupine - South Exchange 2014 8 345 33 
Porcupine - South Exchange 2015 8 303 NA 
Porcupine - South Wolf 1 1999 26 1495 355 
Porcupine - South Wolf 1 2000 19 1555 373 
Porcupine - South Wolf 1 2001 5 2075 0 
Porcupine - South Wolf 1 2002 8 1954 NA 
Porcupine - South Wolf 1 2003 3 2125 354 
Porcupine - South Wolf 1 2004 0 1761 417 
Porcupine - South Wolf 1 2005 1 1745 309 
Porcupine - South Wolf 1 2006 0 2227 267 
Porcupine - South Wolf 1 2007 1 1752 229 
Porcupine - South Wolf 1 2008 2 2165 243 
Porcupine - South Wolf 1 2009 1 2213 320 
Porcupine - South Wolf 1 2010 1 2457 247 
Porcupine - South Wolf 1 2011 1 2203 231 
Porcupine - South Wolf 1 2012 0 1761 369 
Porcupine - South Wolf 1 2013 2 1703 322 
Porcupine - South Wolf 1 2014 1 2447 292 
Porcupine - South Wolf 1 2015 1 2192 NA 
Porcupine - Wells Cabin 1999 22 913 118 
Porcupine - Wells Cabin 2000 18 874 66 
Porcupine - Wells Cabin 2001 2 1215 0 
Porcupine - Wells Cabin 2002 6 1122 NA 
Porcupine - Wells Cabin 2003 1 1216 0 
Porcupine - Wells Cabin 2004 0 988 104 
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Porcupine - Wells Cabin 2005 1 984 78 
Porcupine - Wells Cabin 2006 0 1240 110 
Porcupine - Wells Cabin 2007 0 987 105 
Porcupine - Wells Cabin 2008 1 1238 13 
Porcupine - Wells Cabin 2009 0 1243 107 
Porcupine - Wells Cabin 2010 0 1373 123 
Porcupine - Wells Cabin 2011 1 1237 0 
Porcupine - Wells Cabin 2012 0 990 137 
Porcupine - Wells Cabin 2013 0 984 0 
Porcupine - Wells Cabin 2014 0 1373 103 
Porcupine - Wells Cabin 2015 0 1240 NA 
Porcupine - West Hells Canyon 1 1999 38 118 86 
Porcupine - West Hells Canyon 1 2000 31 109 0 
Porcupine - West Hells Canyon 1 2001 6 171 0 
Porcupine - West Hells Canyon 1 2002 9 160 NA 
Porcupine - West Hells Canyon 1 2003 3 184 0 
Porcupine - West Hells Canyon 1 2004 1 129 134 
Porcupine - West Hells Canyon 1 2005 1 128 141 
Porcupine - West Hells Canyon 1 2006 1 190 30 
Porcupine - West Hells Canyon 1 2007 0 130 110 
Porcupine - West Hells Canyon 1 2008 4 177 121 
Porcupine - West Hells Canyon 1 2009 0 192 143 
Porcupine - West Hells Canyon 1 2010 3 239 143 
Porcupine - West Hells Canyon 1 2011 0 192 122 
Porcupine - West Hells Canyon 1 2012 0 130 173 
Porcupine - West Hells Canyon 1 2013 1 129 72 
Porcupine - West Hells Canyon 1 2014 5 228 83 
Porcupine - West Hells Canyon 1 2015 5 170 NA 
Porcupine - West Hells Canyon 2 1999 39 272 71 
Porcupine - West Hells Canyon 2 2000 37 217 0 
Porcupine - West Hells Canyon 2 2001 14 340 0 
Porcupine - West Hells Canyon 2 2002 14 342 NA 
Porcupine - West Hells Canyon 2 2003 8 388 130 
Porcupine - West Hells Canyon 2 2004 8 261 134 
Porcupine - West Hells Canyon 2 2005 9 256 130 
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Porcupine - West Hells Canyon 2 2006 6 396 46 
Porcupine - West Hells Canyon 2 2007 8 262 148 
Porcupine - West Hells Canyon 2 2008 16 334 173 
Porcupine - West Hells Canyon 2 2009 3 420 235 
Porcupine - West Hells Canyon 2 2010 11 475 178 
Porcupine - West Hells Canyon 2 2011 6 402 224 
Porcupine - West Hells Canyon 2 2012 4 280 252 
Porcupine - West Hells Canyon 2 2013 7 264 137 
Porcupine - West Hells Canyon 2 2014 13 456 182 
Porcupine - West Hells Canyon 2 2015 12 352 NA 
Porcupine - Wildcat - North Wolf 1 1999 29 573 109 
Porcupine - Wildcat - North Wolf 1 2000 21 613 115 
Porcupine - Wildcat - North Wolf 1 2001 2 887 0 
Porcupine - Wildcat - North Wolf 1 2002 3 873 NA 
Porcupine - Wildcat - North Wolf 1 2003 1 902 88 
Porcupine - Wildcat - North Wolf 1 2004 0 712 0 
Porcupine - Wildcat - North Wolf 1 2005 0 712 163 
Porcupine - Wildcat - North Wolf 1 2006 0 911 127 
Porcupine - Wildcat - North Wolf 1 2007 0 713 329 
Porcupine - Wildcat - North Wolf 1 2008 1 899 218 
Porcupine - Wildcat - North Wolf 1 2009 0 907 246 
Porcupine - Wildcat - North Wolf 1 2010 1 1008 226 
Porcupine - Wildcat - North Wolf 1 2011 0 909 212 
Porcupine - Wildcat - North Wolf 1 2012 0 715 228 
Porcupine - Wildcat - North Wolf 1 2013 1 707 179 
Porcupine - Wildcat - North Wolf 1 2014 2 987 137 
Porcupine - Wildcat - North Wolf 1 2015 1 898 NA 
Porcupine - Yount 1999 37 81 0 
Porcupine - Yount 2000 33 71 0 
Porcupine - Yount 2001 9 109 0 
Porcupine - Yount 2002 9 109 NA 
Porcupine - Yount 2003 2 128 63 
Porcupine - Yount 2004 2 87 67 
Porcupine - Yount 2005 2 88 78 
Porcupine - Yount 2006 2 127 75 
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Porcupine - Yount 2007 2 88 110 
Porcupine - Yount 2008 4 122 122 
Porcupine - Yount 2009 1 129 0 
Porcupine - Yount 2010 6 148 71 
Porcupine - Yount 2011 3 126 0 
Porcupine - Yount 2012 1 89 152 
Porcupine - Yount 2013 3 86 0 
Porcupine - Yount 2014 6 150 66 
Porcupine - Yount 2015 4 119 NA 
Redfern - Nugget 1999 41 505 0 
Redfern - Nugget 2000 34 447 129 
Redfern - Nugget 2001 34 441 0 
Redfern - Nugget 2002 31 473 0 
Redfern - Nugget 2003 25 550 183 
Redfern - Nugget 2004 21 408 134 
Redfern - Nugget 2005 21 400 142 
Redfern - Nugget 2006 22 585 117 
Redfern - Nugget 2007 21 408 103 
Redfern - Nugget 2008 26 528 190 
Redfern - Nugget 2009 16 661 173 
Redfern - Nugget 2010 24 737 218 
Redfern - Nugget 2011 24 570 45 
Redfern - Nugget 2012 19 426 228 
Redfern - Nugget 2013 24 375 201 
Redfern - Nugget 2014 21 772 281 
Redfern - Nugget 2015 18 623 NA 
Redfern - Queen Bee 1999 38 1161 150 
Redfern - Queen Bee 2000 34 961 350 
Redfern - Queen Bee 2001 32 1021 289 
Redfern - Queen Bee 2002 30 1084 142 
Redfern - Queen Bee 2003 25 1243 351 
Redfern - Queen Bee 2004 20 922 188 
Redfern - Queen Bee 2005 22 882 197 
Redfern - Queen Bee 2006 24 1272 292 
Redfern - Queen Bee 2007 25 840 280 
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Redfern - Queen Bee 2008 29 1076 262 
Redfern - Queen Bee 2009 16 1452 260 
Redfern - Queen Bee 2010 25 1556 350 
Redfern - Queen Bee 2011 23 1274 311 
Redfern - Queen Bee 2012 16 996 258 
Redfern - Queen Bee 2013 21 866 240 
Redfern - Queen Bee 2014 19 1727 258 
Redfern - Queen Bee 2015 17 1372 NA 
Redfern - Redfern Holding Pasture 1999 64 12 0 
Redfern - Redfern Holding Pasture 2000 36 17 0 
Redfern - Redfern Holding Pasture 2001 42 15 0 
Redfern - Redfern Holding Pasture 2002 28 21 0 
Redfern - Redfern Holding Pasture 2003 17 27 0 
Redfern - Redfern Holding Pasture 2004 11 22 0 
Redfern - Redfern Holding Pasture 2005 21 18 0 
Redfern - Redfern Holding Pasture 2006 10 31 0 
Redfern - Redfern Holding Pasture 2007 16 19 0 
Redfern - Redfern Holding Pasture 2008 38 17 19 
Redfern - Redfern Holding Pasture 2009 14 29 0 
Redfern - Redfern Holding Pasture 2010 37 21 8 
Redfern - Redfern Holding Pasture 2011 29 22 15 
Redfern - Redfern Holding Pasture 2012 10 23 15 
Redfern - Redfern Holding Pasture 2013 31 14 22 
Redfern - Redfern Holding Pasture 2014 31 24 15 
Redfern - Redfern Holding Pasture 2015 34 18 NA 
Redfern - Slate Creek 1999 38 1134 644 
Redfern - Slate Creek 2000 32 989 168 
Redfern - Slate Creek 2001 31 1009 347 
Redfern - Slate Creek 2002 29 1058 379 
Redfern - Slate Creek 2003 29 1140 351 
Redfern - Slate Creek 2004 22 868 288 
Redfern - Slate Creek 2005 25 818 133 
Redfern - Slate Creek 2006 23 1238 252 
Redfern - Slate Creek 2007 26 796 262 
Redfern - Slate Creek 2008 29 1106 145 
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Redfern - Slate Creek 2009 17 1386 310 
Redfern - Slate Creek 2010 21 1670 163 
Redfern - Slate Creek 2011 26 1156 243 
Redfern - Slate Creek 2012 19 937 235 
Redfern - Slate Creek 2013 27 767 167 
Redfern - Slate Creek 2014 21 1651 273 
Redfern - Slate Creek 2015 17 1330 NA 
Redfern - White Earth 1999 43 361 201 
Redfern - White Earth 2000 35 321 202 
Redfern - White Earth 2001 32 344 244 
Redfern - White Earth 2002 28 378 174 
Redfern - White Earth 2003 25 437 9 
Redfern - White Earth 2004 17 340 137 
Redfern - White Earth 2005 20 316 103 
Redfern - White Earth 2006 19 477 211 
Redfern - White Earth 2007 24 295 96 
Redfern - White Earth 2008 31 359 158 
Redfern - White Earth 2009 14 520 151 
Redfern - White Earth 2010 20 586 202 
Redfern - White Earth 2011 19 480 159 
Redfern - White Earth 2012 9 390 243 
Redfern - White Earth 2013 18 321 128 
Redfern - White Earth 2014 20 585 197 
Redfern - White Earth 2015 13 502 NA 
Reynolds Prairie - Bombard 1999 39 494 69 
Reynolds Prairie - Bombard 2000 44 331 69 
Reynolds Prairie - Bombard 2001 37 381 61 
Reynolds Prairie - Bombard 2002 31 437 42 
Reynolds Prairie - Bombard 2003 30 468 48 
Reynolds Prairie - Bombard 2004 30 321 55 
Reynolds Prairie - Bombard 2005 30 311 24 
Reynolds Prairie - Bombard 2006 27 484 72 
Reynolds Prairie - Bombard 2007 37 268 72 
Reynolds Prairie - Bombard 2008 39 381 89 
Reynolds Prairie - Bombard 2009 31 449 157 
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Reynolds Prairie - Bombard 2010 28 631 0 
Reynolds Prairie - Bombard 2011 20 571 162 
Reynolds Prairie - Bombard 2012 31 311 157 
Reynolds Prairie - Bombard 2013 35 276 120 
Reynolds Prairie - Bombard 2014 34 556 131 
Reynolds Prairie - Bombard 2015 30 447 NA 
Reynolds Prairie - Castle 1999 39 1524 312 
Reynolds Prairie - Castle 2000 41 1115 242 
Reynolds Prairie - Castle 2001 34 1311 289 
Reynolds Prairie - Castle 2002 34 1302 273 
Reynolds Prairie - Castle 2003 29 1523 0 
Reynolds Prairie - Castle 2004 27 1073 252 
Reynolds Prairie - Castle 2005 25 1136 386 
Reynolds Prairie - Castle 2006 26 1566 291 
Reynolds Prairie - Castle 2007 32 954 265 
Reynolds Prairie - Castle 2008 32 1410 252 
Reynolds Prairie - Castle 2009 18 1860 259 
Reynolds Prairie - Castle 2010 22 2212 338 
Reynolds Prairie - Castle 2011 32 1385 330 
Reynolds Prairie - Castle 2012 25 1124 299 
Reynolds Prairie - Castle 2013 32 933 267 
Reynolds Prairie - Castle 2014 32 1869 229 
Reynolds Prairie - Castle 2015 18 1803 NA 
Reynolds Prairie - Cornielson 1999 21 328 95 
Reynolds Prairie - Cornielson 2000 6 345 67 
Reynolds Prairie - Cornielson 2001 9 331 113 
Reynolds Prairie - Cornielson 2002 4 363 70 
Reynolds Prairie - Cornielson 2003 2 377 93 
Reynolds Prairie - Cornielson 2004 1 281 100 
Reynolds Prairie - Cornielson 2005 3 272 94 
Reynolds Prairie - Cornielson 2006 3 372 81 
Reynolds Prairie - Cornielson 2007 1 279 58 
Reynolds Prairie - Cornielson 2008 6 347 110 
Reynolds Prairie - Cornielson 2009 3 370 65 
Reynolds Prairie - Cornielson 2010 6 429 106 
189 
 
Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Reynolds Prairie - Cornielson 2011 1 383 0 
Reynolds Prairie - Cornielson 2012 0 283 95 
Reynolds Prairie - Cornielson 2013 2 276 99 
Reynolds Prairie - Cornielson 2014 11 390 99 
Reynolds Prairie - Cornielson 2015 9 332 NA 
Reynolds Prairie - East Kinney 1999 27 182 72 
Reynolds Prairie - East Kinney 2000 14 188 42 
Reynolds Prairie - East Kinney 2001 13 192 56 
Reynolds Prairie - East Kinney 2002 8 208 29 
Reynolds Prairie - East Kinney 2003 5 219 90 
Reynolds Prairie - East Kinney 2004 3 167 74 
Reynolds Prairie - East Kinney 2005 5 163 64 
Reynolds Prairie - East Kinney 2006 3 229 61 
Reynolds Prairie - East Kinney 2007 3 168 82 
Reynolds Prairie - East Kinney 2008 17 175 77 
Reynolds Prairie - East Kinney 2009 5 216 61 
Reynolds Prairie - East Kinney 2010 15 231 86 
Reynolds Prairie - East Kinney 2011 3 225 0 
Reynolds Prairie - East Kinney 2012 1 172 0 
Reynolds Prairie - East Kinney 2013 3 167 81 
Reynolds Prairie - East Kinney 2014 12 243 41 
Reynolds Prairie - East Kinney 2015 12 194 NA 
Reynolds Prairie - East Oberg 1999 30 99 67 
Reynolds Prairie - East Oberg 2000 16 107 77 
Reynolds Prairie - East Oberg 2001 9 124 76 
Reynolds Prairie - East Oberg 2002 7 127 81 
Reynolds Prairie - East Oberg 2003 7 126 32 
Reynolds Prairie - East Oberg 2004 1 102 30 
Reynolds Prairie - East Oberg 2005 5 97 43 
Reynolds Prairie - East Oberg 2006 3 138 81 
Reynolds Prairie - East Oberg 2007 2 101 75 
Reynolds Prairie - East Oberg 2008 8 126 57 
Reynolds Prairie - East Oberg 2009 5 132 81 
Reynolds Prairie - East Oberg 2010 15 133 65 
Reynolds Prairie - East Oberg 2011 2 139 0 
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Reynolds Prairie - East Oberg 2012 0 105 142 
Reynolds Prairie - East Oberg 2013 8 90 50 
Reynolds Prairie - East Oberg 2014 38 82 27 
Reynolds Prairie - East Oberg 2015 16 109 NA 
Reynolds Prairie - Lessering 1999 43 44 0 
Reynolds Prairie - Lessering 2000 45 32 0 
Reynolds Prairie - Lessering 2001 24 54 0 
Reynolds Prairie - Lessering 2002 19 59 0 
Reynolds Prairie - Lessering 2003 14 66 0 
Reynolds Prairie - Lessering 2004 30 34 0 
Reynolds Prairie - Lessering 2005 7 54 43 
Reynolds Prairie - Lessering 2006 12 67 55 
Reynolds Prairie - Lessering 2007 12 48 46 
Reynolds Prairie - Lessering 2008 24 53 64 
Reynolds Prairie - Lessering 2009 11 69 54 
Reynolds Prairie - Lessering 2010 36 50 34 
Reynolds Prairie - Lessering 2011 12 70 30 
Reynolds Prairie - Lessering 2012 13 49 35 
Reynolds Prairie - Lessering 2013 25 37 40 
Reynolds Prairie - Lessering 2014 27 66 32 
Reynolds Prairie - Lessering 2015 37 40 NA 
Reynolds Prairie - Merry-Go-Round 1999 39 750 280 
Reynolds Prairie - Merry-Go-Round 2000 43 525 312 
Reynolds Prairie - Merry-Go-Round 2001 32 673 304 
Reynolds Prairie - Merry-Go-Round 2002 30 709 281 
Reynolds Prairie - Merry-Go-Round 2003 25 784 0 
Reynolds Prairie - Merry-Go-Round 2004 22 569 223 
Reynolds Prairie - Merry-Go-Round 2005 22 569 154 
Reynolds Prairie - Merry-Go-Round 2006 22 834 196 
Reynolds Prairie - Merry-Go-Round 2007 22 571 242 
Reynolds Prairie - Merry-Go-Round 2008 25 798 228 
Reynolds Prairie - Merry-Go-Round 2009 16 931 338 
Reynolds Prairie - Merry-Go-Round 2010 23 1084 338 
Reynolds Prairie - Merry-Go-Round 2011 23 834 290 
Reynolds Prairie - Merry-Go-Round 2012 16 647 291 
191 
 
Range Management Unit - Subunit 
(Allotment - Pasture) 
Year Tree 
Cover 
(%) 
Estimated 
Forage 
Production 
(Mg) 
Animal 
Unit 
Mouths 
(AUM) 
Reynolds Prairie - Merry-Go-Round 2013 25 536 330 
Reynolds Prairie - Merry-Go-Round 2014 23 1097 106 
Reynolds Prairie - Merry-Go-Round 2015 24 782 NA 
Reynolds Prairie - Mud Lake 1999 49 532 52 
Reynolds Prairie - Mud Lake 2000 51 375 46 
Reynolds Prairie - Mud Lake 2001 44 433 0 
Reynolds Prairie - Mud Lake 2002 39 496 48 
Reynolds Prairie - Mud Lake 2003 38 524 61 
Reynolds Prairie - Mud Lake 2004 38 362 45 
Reynolds Prairie - Mud Lake 2005 33 388 0 
Reynolds Prairie - Mud Lake 2006 30 608 84 
Reynolds Prairie - Mud Lake 2007 40 345 91 
Reynolds Prairie - Mud Lake 2008 42 475 127 
Reynolds Prairie - Mud Lake 2009 26 672 149 
Reynolds Prairie - Mud Lake 2010 32 787 0 
Reynolds Prairie - Mud Lake 2011 20 770 198 
Reynolds Prairie - Mud Lake 2012 26 461 198 
Reynolds Prairie - Mud Lake 2013 34 376 182 
Reynolds Prairie - Mud Lake 2014 32 804 206 
Reynolds Prairie - Mud Lake 2015 25 653 NA 
Reynolds Prairie - Nancy 1999 40 244 91 
Reynolds Prairie - Nancy 2000 15 318 53 
Reynolds Prairie - Nancy 2001 16 314 80 
Reynolds Prairie - Nancy 2002 8 358 102 
Reynolds Prairie - Nancy 2003 3 395 117 
Reynolds Prairie - Nancy 2004 2 295 113 
Reynolds Prairie - Nancy 2005 6 275 146 
Reynolds Prairie - Nancy 2006 3 393 81 
Reynolds Prairie - Nancy 2007 2 292 94 
Reynolds Prairie - Nancy 2008 10 347 114 
Reynolds Prairie - Nancy 2009 4 381 102 
Reynolds Prairie - Nancy 2010 7 445 114 
Reynolds Prairie - Nancy 2011 2 400 0 
Reynolds Prairie - Nancy 2012 0 301 108 
Reynolds Prairie - Nancy 2013 4 281 135 
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Reynolds Prairie - Nancy 2014 8 440 115 
Reynolds Prairie - Nancy 2015 16 307 NA 
Reynolds Prairie - North Fork Castle 
Creek 
1999 45 112 17 
Reynolds Prairie - North Fork Castle 
Creek 
2000 54 70 11 
Reynolds Prairie - North Fork Castle 
Creek 
2001 45 89 12 
Reynolds Prairie - North Fork Castle 
Creek 
2002 44 89 10 
Reynolds Prairie - North Fork Castle 
Creek 
2003 38 110 11 
Reynolds Prairie - North Fork Castle 
Creek 
2004 41 73 9 
Reynolds Prairie - North Fork Castle 
Creek 
2005 36 75 8 
Reynolds Prairie - North Fork Castle 
Creek 
2006 33 116 9 
Reynolds Prairie - North Fork Castle 
Creek 
2007 46 60 9 
Reynolds Prairie - North Fork Castle 
Creek 
2008 46 87 15 
Reynolds Prairie - North Fork Castle 
Creek 
2009 29 135 16 
Reynolds Prairie - North Fork Castle 
Creek 
2010 40 123 0 
Reynolds Prairie - North Fork Castle 
Creek 
2011 35 105 452 
Reynolds Prairie - North Fork Castle 
Creek 
2012 36 77 16 
Reynolds Prairie - North Fork Castle 
Creek 
2013 33 78 16 
Reynolds Prairie - North Fork Castle 
Creek 
2014 25 183 0 
Reynolds Prairie - North Fork Castle 
Creek 
2015 20 140 NA 
Reynolds Prairie - North Seep 1999 50 83 NA 
Reynolds Prairie - North Seep 2000 61 58 NA 
Reynolds Prairie - North Seep 2001 50 69 NA 
Reynolds Prairie - North Seep 2002 44 80 NA 
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Reynolds Prairie - North Seep 2003 48 74 NA 
Reynolds Prairie - North Seep 2004 51 56 NA 
Reynolds Prairie - North Seep 2005 51 52 NA 
Reynolds Prairie - North Seep 2006 39 95 NA 
Reynolds Prairie - North Seep 2007 57 47 NA 
Reynolds Prairie - North Seep 2008 53 67 NA 
Reynolds Prairie - North Seep 2009 41 89 NA 
Reynolds Prairie - North Seep 2010 37 107 NA 
Reynolds Prairie - North Seep 2011 51 68 NA 
Reynolds Prairie - North Seep 2012 45 63 NA 
Reynolds Prairie - North Seep 2013 44 60 NA 
Reynolds Prairie - North Seep 2014 44 117 NA 
Reynolds Prairie - North Seep 2015 36 91 NA 
Reynolds Prairie - Rhoads 80 1999 43 32 31 
Reynolds Prairie - Rhoads 80 2000 48 23 34 
Reynolds Prairie - Rhoads 80 2001 39 28 36 
Reynolds Prairie - Rhoads 80 2002 28 38 28 
Reynolds Prairie - Rhoads 80 2003 14 54 29 
Reynolds Prairie - Rhoads 80 2004 17 40 23 
Reynolds Prairie - Rhoads 80 2005 18 37 13 
Reynolds Prairie - Rhoads 80 2006 13 53 63 
Reynolds Prairie - Rhoads 80 2007 21 38 29 
Reynolds Prairie - Rhoads 80 2008 36 32 111 
Reynolds Prairie - Rhoads 80 2009 33 36 0 
Reynolds Prairie - Rhoads 80 2010 41 35 0 
Reynolds Prairie - Rhoads 80 2011 10 52 24 
Reynolds Prairie - Rhoads 80 2012 13 40 16 
Reynolds Prairie - Rhoads 80 2013 29 28 16 
Reynolds Prairie - Rhoads 80 2014 29 51 0 
Reynolds Prairie - Rhoads 80 2015 41 25 NA 
Reynolds Prairie - Rhoads Fork 1999 41 211 60 
Reynolds Prairie - Rhoads Fork 2000 48 136 57 
Reynolds Prairie - Rhoads Fork 2001 41 162 53 
Reynolds Prairie - Rhoads Fork 2002 36 183 26 
Reynolds Prairie - Rhoads Fork 2003 30 217 0 
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Reynolds Prairie - Rhoads Fork 2004 23 172 18 
Reynolds Prairie - Rhoads Fork 2005 23 170 45 
Reynolds Prairie - Rhoads Fork 2006 22 246 94 
Reynolds Prairie - Rhoads Fork 2007 26 162 59 
Reynolds Prairie - Rhoads Fork 2008 30 218 46 
Reynolds Prairie - Rhoads Fork 2009 20 262 81 
Reynolds Prairie - Rhoads Fork 2010 26 301 0 
Reynolds Prairie - Rhoads Fork 2011 15 290 84 
Reynolds Prairie - Rhoads Fork 2012 12 208 81 
Reynolds Prairie - Rhoads Fork 2013 32 140 62 
Reynolds Prairie - Rhoads Fork 2014 32 266 68 
Reynolds Prairie - Rhoads Fork 2015 33 187 NA 
Reynolds Prairie - Seep 1999 48 590 156 
Reynolds Prairie - Seep 2000 56 394 176 
Reynolds Prairie - Seep 2001 46 481 176 
Reynolds Prairie - Seep 2002 41 538 173 
Reynolds Prairie - Seep 2003 42 542 0 
Reynolds Prairie - Seep 2004 41 413 221 
Reynolds Prairie - Seep 2005 38 435 196 
Reynolds Prairie - Seep 2006 34 652 196 
Reynolds Prairie - Seep 2007 43 379 206 
Reynolds Prairie - Seep 2008 45 507 162 
Reynolds Prairie - Seep 2009 30 720 105 
Reynolds Prairie - Seep 2010 28 976 70 
Reynolds Prairie - Seep 2011 36 604 106 
Reynolds Prairie - Seep 2012 36 445 80 
Reynolds Prairie - Seep 2013 33 463 150 
Reynolds Prairie - Seep 2014 25 1130 150 
Reynolds Prairie - Seep 2015 24 778 NA 
Reynolds Prairie - Solomon 1999 47 479 145 
Reynolds Prairie - Solomon 2000 47 369 214 
Reynolds Prairie - Solomon 2001 34 506 95 
Reynolds Prairie - Solomon 2002 28 582 90 
Reynolds Prairie - Solomon 2003 24 666 0 
Reynolds Prairie - Solomon 2004 19 499 55 
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Reynolds Prairie - Solomon 2005 19 512 168 
Reynolds Prairie - Solomon 2006 17 726 160 
Reynolds Prairie - Solomon 2007 20 474 94 
Reynolds Prairie - Solomon 2008 25 591 37 
Reynolds Prairie - Solomon 2009 13 796 96 
Reynolds Prairie - Solomon 2010 32 675 82 
Reynolds Prairie - Solomon 2011 21 683 74 
Reynolds Prairie - Solomon 2012 18 517 101 
Reynolds Prairie - Solomon 2013 30 374 99 
Reynolds Prairie - Solomon 2014 20 914 98 
Reynolds Prairie - Solomon 2015 27 584 NA 
Reynolds Prairie - Taylor Spring 1999 45 762 300 
Reynolds Prairie - Taylor Spring 2000 52 532 339 
Reynolds Prairie - Taylor Spring 2001 42 657 300 
Reynolds Prairie - Taylor Spring 2002 39 705 346 
Reynolds Prairie - Taylor Spring 2003 32 861 0 
Reynolds Prairie - Taylor Spring 2004 27 691 453 
Reynolds Prairie - Taylor Spring 2005 29 657 292 
Reynolds Prairie - Taylor Spring 2006 26 951 319 
Reynolds Prairie - Taylor Spring 2007 31 621 332 
Reynolds Prairie - Taylor Spring 2008 33 851 322 
Reynolds Prairie - Taylor Spring 2009 23 1022 329 
Reynolds Prairie - Taylor Spring 2010 28 1168 293 
Reynolds Prairie - Taylor Spring 2011 27 920 299 
Reynolds Prairie - Taylor Spring 2012 24 742 221 
Reynolds Prairie - Taylor Spring 2013 32 597 264 
Reynolds Prairie - Taylor Spring 2014 17 1561 258 
Reynolds Prairie - Taylor Spring 2015 24 966 NA 
Reynolds Prairie - West Kinney 1999 20 206 74 
Reynolds Prairie - West Kinney 2000 8 209 45 
Reynolds Prairie - West Kinney 2001 5 224 59 
Reynolds Prairie - West Kinney 2002 2 232 29 
Reynolds Prairie - West Kinney 2003 4 228 92 
Reynolds Prairie - West Kinney 2004 0 179 76 
Reynolds Prairie - West Kinney 2005 3 171 64 
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Reynolds Prairie - West Kinney 2006 0 241 110 
Reynolds Prairie - West Kinney 2007 0 179 90 
Reynolds Prairie - West Kinney 2008 8 210 106 
Reynolds Prairie - West Kinney 2009 1 237 106 
Reynolds Prairie - West Kinney 2010 8 261 73 
Reynolds Prairie - West Kinney 2011 1 240 0 
Reynolds Prairie - West Kinney 2012 0 179 0 
Reynolds Prairie - West Kinney 2013 0 179 104 
Reynolds Prairie - West Kinney 2014 19 215 99 
Reynolds Prairie - West Kinney 2015 15 193 NA 
Reynolds Prairie - West Oberg 1999 31 114 84 
Reynolds Prairie - West Oberg 2000 20 116 95 
Reynolds Prairie - West Oberg 2001 8 151 94 
Reynolds Prairie - West Oberg 2002 8 149 100 
Reynolds Prairie - West Oberg 2003 7 152 39 
Reynolds Prairie - West Oberg 2004 2 119 30 
Reynolds Prairie - West Oberg 2005 5 112 43 
Reynolds Prairie - West Oberg 2006 3 162 81 
Reynolds Prairie - West Oberg 2007 1 120 62 
Reynolds Prairie - West Oberg 2008 19 120 77 
Reynolds Prairie - West Oberg 2009 3 161 81 
Reynolds Prairie - West Oberg 2010 31 117 12 
Reynolds Prairie - West Oberg 2011 4 160 0 
Reynolds Prairie - West Oberg 2012 1 121 205 
Reynolds Prairie - West Oberg 2013 2 119 104 
Reynolds Prairie - West Oberg 2014 26 129 99 
Reynolds Prairie - West Oberg 2015 9 144 NA 
Reynolds Prairie - Y Park 1999 45 280 58 
Reynolds Prairie - Y Park 2000 51 184 56 
Reynolds Prairie - Y Park 2001 44 216 71 
Reynolds Prairie - Y Park 2002 42 227 46 
Reynolds Prairie - Y Park 2003 39 261 63 
Reynolds Prairie - Y Park 2004 40 176 42 
Reynolds Prairie - Y Park 2005 34 192 32 
Reynolds Prairie - Y Park 2006 31 299 24 
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Reynolds Prairie - Y Park 2007 39 176 50 
Reynolds Prairie - Y Park 2008 41 249 103 
Reynolds Prairie - Y Park 2009 23 357 121 
Reynolds Prairie - Y Park 2010 35 358 0 
Reynolds Prairie - Y Park 2011 27 326 0 
Reynolds Prairie - Y Park 2012 16 273 52 
Reynolds Prairie - Y Park 2013 32 199 92 
Reynolds Prairie - Y Park 2014 26 446 98 
Reynolds Prairie - Y Park 2015 25 327 NA 
Reynolds Prairie - Y-Park East 1999 41 600 NA 
Reynolds Prairie - Y-Park East 2000 46 421 NA 
Reynolds Prairie - Y-Park East 2001 39 479 NA 
Reynolds Prairie - Y-Park East 2002 37 505 NA 
Reynolds Prairie - Y-Park East 2003 31 587 NA 
Reynolds Prairie - Y-Park East 2004 27 451 NA 
Reynolds Prairie - Y-Park East 2005 31 411 NA 
Reynolds Prairie - Y-Park East 2006 27 625 NA 
Reynolds Prairie - Y-Park East 2007 33 396 NA 
Reynolds Prairie - Y-Park East 2008 38 498 NA 
Reynolds Prairie - Y-Park East 2009 28 637 NA 
Reynolds Prairie - Y-Park East 2010 33 753 NA 
Reynolds Prairie - Y-Park East 2011 22 733 NA 
Reynolds Prairie - Y-Park East 2012 12 618 NA 
Reynolds Prairie - Y-Park East 2013 21 492 NA 
Reynolds Prairie - Y-Park East 2014 28 814 NA 
Reynolds Prairie - Y-Park East 2015 22 680 NA 
Rimmer - Grandad 1999 35 85 62 
Rimmer - Grandad 2000 37 61 86 
Rimmer - Grandad 2001 35 64 57 
Rimmer - Grandad 2002 34 66 54 
Rimmer - Grandad 2003 29 74 55 
Rimmer - Grandad 2004 28 51 51 
Rimmer - Grandad 2005 32 51 82 
Rimmer - Grandad 2006 28 77 45 
Rimmer - Grandad 2007 31 48 73 
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Rimmer - Grandad 2008 35 66 70 
Rimmer - Grandad 2009 23 84 57 
Rimmer - Grandad 2010 33 88 50 
Rimmer - Grandad 2011 32 69 54 
Rimmer - Grandad 2012 24 58 50 
Rimmer - Grandad 2013 28 50 114 
Rimmer - Grandad 2014 14 136 32 
Rimmer - Grandad 2015 15 96 NA 
Rimmer - Rimmer 1999 41 509 108 
Rimmer - Rimmer 2000 40 425 86 
Rimmer - Rimmer 2001 34 482 116 
Rimmer - Rimmer 2002 33 499 117 
Rimmer - Rimmer 2003 25 592 116 
Rimmer - Rimmer 2004 23 431 115 
Rimmer - Rimmer 2005 21 453 158 
Rimmer - Rimmer 2006 21 640 112 
Rimmer - Rimmer 2007 27 406 188 
Rimmer - Rimmer 2008 29 554 164 
Rimmer - Rimmer 2009 18 668 138 
Rimmer - Rimmer 2010 22 782 95 
Rimmer - Rimmer 2011 24 619 110 
Rimmer - Rimmer 2012 15 505 71 
Rimmer - Rimmer 2013 24 416 149 
Rimmer - Rimmer 2014 28 712 124 
Rimmer - Rimmer 2015 20 616 NA 
Rockerville - Flat Rock 1999 29 884 103 
Rockerville - Flat Rock 2000 27 830 139 
Rockerville - Flat Rock 2001 27 842 186 
Rockerville - Flat Rock 2002 22 913 166 
Rockerville - Flat Rock 2003 25 904 43 
Rockerville - Flat Rock 2004 17 802 100 
Rockerville - Flat Rock 2005 22 742 91 
Rockerville - Flat Rock 2006 19 996 57 
Rockerville - Flat Rock 2007 22 734 73 
Rockerville - Flat Rock 2008 24 885 230 
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Rockerville - Flat Rock 2009 14 1105 131 
Rockerville - Flat Rock 2010 30 916 91 
Rockerville - Flat Rock 2011 28 820 95 
Rockerville - Flat Rock 2012 20 807 44 
Rockerville - Flat Rock 2013 35 576 33 
Rockerville - Flat Rock 2014 35 791 81 
Rockerville - Flat Rock 2015 31 748 NA 
Rockerville - Foster 1999 34 800 11 
Rockerville - Foster 2000 30 726 15 
Rockerville - Foster 2001 33 674 133 
Rockerville - Foster 2002 28 788 98 
Rockerville - Foster 2003 15 1105 0 
Rockerville - Foster 2004 12 854 66 
Rockerville - Foster 2005 10 866 48 
Rockerville - Foster 2006 9 1209 284 
Rockerville - Foster 2007 8 913 26 
Rockerville - Foster 2008 14 1047 238 
Rockerville - Foster 2009 6 1256 48 
Rockerville - Foster 2010 15 1281 93 
Rockerville - Foster 2011 13 1114 45 
Rockerville - Foster 2012 6 938 88 
Rockerville - Foster 2013 14 822 87 
Rockerville - Foster 2014 24 1041 21 
Rockerville - Foster 2015 16 1036 NA 
Rockerville - Government Park 1999 37 89 38 
Rockerville - Government Park 2000 31 89 44 
Rockerville - Government Park 2001 33 85 56 
Rockerville - Government Park 2002 30 88 72 
Rockerville - Government Park 2003 35 94 63 
Rockerville - Government Park 2004 29 68 95 
Rockerville - Government Park 2005 26 71 58 
Rockerville - Government Park 2006 24 107 0 
Rockerville - Government Park 2007 24 73 75 
Rockerville - Government Park 2008 32 82 27 
Rockerville - Government Park 2009 18 107 95 
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Rockerville - Government Park 2010 33 118 91 
Rockerville - Government Park 2011 34 89 95 
Rockerville - Government Park 2012 18 78 30 
Rockerville - Government Park 2013 35 64 47 
Rockerville - Government Park 2014 44 77 124 
Rockerville - Government Park 2015 32 91 NA 
Rockerville - Harney 1999 38 65 35 
Rockerville - Harney 2000 35 55 62 
Rockerville - Harney 2001 36 54 41 
Rockerville - Harney 2002 33 57 49 
Rockerville - Harney 2003 40 56 42 
Rockerville - Harney 2004 33 41 62 
Rockerville - Harney 2005 31 44 59 
Rockerville - Harney 2006 28 69 85 
Rockerville - Harney 2007 27 49 44 
Rockerville - Harney 2008 26 65 41 
Rockerville - Harney 2009 10 92 41 
Rockerville - Harney 2010 31 83 71 
Rockerville - Harney 2011 34 59 68 
Rockerville - Harney 2012 16 56 33 
Rockerville - Harney 2013 31 43 58 
Rockerville - Harney 2014 35 69 0 
Rockerville - Harney 2015 27 65 NA 
Rockerville - Iron Creek 1999 27 123 41 
Rockerville - Iron Creek 2000 25 113 71 
Rockerville - Iron Creek 2001 24 115 47 
Rockerville - Iron Creek 2002 17 131 24 
Rockerville - Iron Creek 2003 21 124 32 
Rockerville - Iron Creek 2004 14 108 19 
Rockerville - Iron Creek 2005 14 107 11 
Rockerville - Iron Creek 2006 14 137 7 
Rockerville - Iron Creek 2007 16 104 12 
Rockerville - Iron Creek 2008 21 120 0 
Rockerville - Iron Creek 2009 10 155 21 
Rockerville - Iron Creek 2010 25 125 7 
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Rockerville - Iron Creek 2011 22 120 20 
Rockerville - Iron Creek 2012 21 99 28 
Rockerville - Iron Creek 2013 29 79 25 
Rockerville - Iron Creek 2014 36 104 19 
Rockerville - Iron Creek 2015 28 103 NA 
Rockerville - Koopman 1999 34 543 126 
Rockerville - Koopman 2000 31 494 157 
Rockerville - Koopman 2001 31 491 157 
Rockerville - Koopman 2002 26 553 142 
Rockerville - Koopman 2003 19 689 32 
Rockerville - Koopman 2004 18 522 157 
Rockerville - Koopman 2005 14 546 296 
Rockerville - Koopman 2006 13 739 203 
Rockerville - Koopman 2007 11 574 213 
Rockerville - Koopman 2008 20 623 166 
Rockerville - Koopman 2009 8 772 105 
Rockerville - Koopman 2010 22 759 207 
Rockerville - Koopman 2011 22 655 149 
Rockerville - Koopman 2012 12 557 220 
Rockerville - Koopman 2013 23 487 210 
Rockerville - Koopman 2014 32 594 181 
Rockerville - Koopman 2015 21 649 NA 
Rockerville - Lower Deadman 1999 30 1115 246 
Rockerville - Lower Deadman 2000 27 1052 0 
Rockerville - Lower Deadman 2001 26 1056 33 
Rockerville - Lower Deadman 2002 23 1131 57 
Rockerville - Lower Deadman 2003 7 1618 0 
Rockerville - Lower Deadman 2004 6 1306 149 
Rockerville - Lower Deadman 2005 4 1351 157 
Rockerville - Lower Deadman 2006 3 1733 13 
Rockerville - Lower Deadman 2007 3 1379 0 
Rockerville - Lower Deadman 2008 8 1559 148 
Rockerville - Lower Deadman 2009 6 1655 88 
Rockerville - Lower Deadman 2010 7 1829 246 
Rockerville - Lower Deadman 2011 3 1734 174 
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Rockerville - Lower Deadman 2012 2 1398 153 
Rockerville - Lower Deadman 2013 7 1281 121 
Rockerville - Lower Deadman 2014 19 1480 155 
Rockerville - Lower Deadman 2015 5 1670 NA 
Rockerville - Teepee 1999 36 815 95 
Rockerville - Teepee 2000 35 631 36 
Rockerville - Teepee 2001 37 610 172 
Rockerville - Teepee 2002 31 691 195 
Rockerville - Teepee 2003 32 731 0 
Rockerville - Teepee 2004 22 578 0 
Rockerville - Teepee 2005 23 563 95 
Rockerville - Teepee 2006 20 903 139 
Rockerville - Teepee 2007 16 652 34 
Rockerville - Teepee 2008 27 764 149 
Rockerville - Teepee 2009 16 985 30 
Rockerville - Teepee 2010 29 985 76 
Rockerville - Teepee 2011 33 692 86 
Rockerville - Teepee 2012 15 666 119 
Rockerville - Teepee 2013 30 503 102 
Rockerville - Teepee 2014 35 861 22 
Rockerville - Teepee 2015 27 765 NA 
Rockerville - Upper Deadman 1999 33 1119 23 
Rockerville - Upper Deadman 2000 29 1064 18 
Rockerville - Upper Deadman 2001 35 931 76 
Rockerville - Upper Deadman 2002 29 1073 9 
Rockerville - Upper Deadman 2003 8 1685 0 
Rockerville - Upper Deadman 2004 9 1273 103 
Rockerville - Upper Deadman 2005 8 1318 207 
Rockerville - Upper Deadman 2006 5 1753 6 
Rockerville - Upper Deadman 2007 5 1385 19 
Rockerville - Upper Deadman 2008 14 1466 187 
Rockerville - Upper Deadman 2009 8 1697 88 
Rockerville - Upper Deadman 2010 9 1862 86 
Rockerville - Upper Deadman 2011 7 1719 180 
Rockerville - Upper Deadman 2012 2 1443 125 
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Rockerville - Upper Deadman 2013 8 1321 105 
Rockerville - Upper Deadman 2014 17 1604 107 
Rockerville - Upper Deadman 2015 8 1655 NA 
Rockerville - Upper Iron 1999 29 109 89 
Rockerville - Upper Iron 2000 31 88 44 
Rockerville - Upper Iron 2001 31 87 30 
Rockerville - Upper Iron 2002 25 99 12 
Rockerville - Upper Iron 2003 28 94 33 
Rockerville - Upper Iron 2004 22 87 59 
Rockerville - Upper Iron 2005 18 94 91 
Rockerville - Upper Iron 2006 18 115 28 
Rockerville - Upper Iron 2007 19 88 30 
Rockerville - Upper Iron 2008 25 100 NA 
Rockerville - Upper Iron 2009 9 142 0 
Rockerville - Upper Iron 2010 33 102 34 
Rockerville - Upper Iron 2011 28 93 30 
Rockerville - Upper Iron 2012 19 92 34 
Rockerville - Upper Iron 2013 33 73 34 
Rockerville - Upper Iron 2014 41 84 27 
Rockerville - Upper Iron 2015 30 89 NA 
Silver City - Bear 1999 39 2023 33 
Silver City - Bear 2000 37 1565 59 
Silver City - Bear 2001 36 1594 35 
Silver City - Bear 2002 35 1652 130 
Silver City - Bear 2003 30 1888 130 
Silver City - Bear 2004 30 1256 159 
Silver City - Bear 2005 29 1270 134 
Silver City - Bear 2006 30 1900 160 
Silver City - Bear 2007 30 1256 128 
Silver City - Bear 2008 30 1855 151 
Silver City - Bear 2009 19 2346 152 
Silver City - Bear 2010 29 2511 168 
Silver City - Bear 2011 28 1980 148 
Silver City - Bear 2012 22 1484 195 
Silver City - Bear 2013 30 1257 125 
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Silver City - Bear 2014 30 2487 125 
Silver City - Bear 2015 25 2071 NA 
Silver City - Kelly 1999 36 1446 55 
Silver City - Kelly 2000 38 1059 106 
Silver City - Kelly 2001 33 1166 100 
Silver City - Kelly 2002 30 1237 94 
Silver City - Kelly 2003 27 1371 104 
Silver City - Kelly 2004 28 903 116 
Silver City - Kelly 2005 28 907 90 
Silver City - Kelly 2006 30 1270 118 
Silver City - Kelly 2007 30 869 114 
Silver City - Kelly 2008 31 1240 0 
Silver City - Kelly 2009 19 1626 160 
Silver City - Kelly 2010 33 1553 160 
Silver City - Kelly 2011 35 1156 164 
Silver City - Kelly 2012 32 837 67 
Silver City - Kelly 2013 32 826 189 
Silver City - Kelly 2014 23 1907 137 
Silver City - Kelly 2015 22 1476 NA 
Silver City - Lower Jenny 1999 38 217 52 
Silver City - Lower Jenny 2000 39 164 50 
Silver City - Lower Jenny 2001 34 184 69 
Silver City - Lower Jenny 2002 29 214 52 
Silver City - Lower Jenny 2003 24 253 74 
Silver City - Lower Jenny 2004 26 162 24 
Silver City - Lower Jenny 2005 26 163 28 
Silver City - Lower Jenny 2006 29 224 36 
Silver City - Lower Jenny 2007 29 158 46 
Silver City - Lower Jenny 2008 31 202 32 
Silver City - Lower Jenny 2009 19 272 60 
Silver City - Lower Jenny 2010 33 254 40 
Silver City - Lower Jenny 2011 32 210 36 
Silver City - Lower Jenny 2012 30 156 0 
Silver City - Lower Jenny 2013 28 152 90 
Silver City - Lower Jenny 2014 29 284 60 
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Silver City - Lower Jenny 2015 24 237 NA 
Silver City - Upper Jenny 1999 38 1301 136 
Silver City - Upper Jenny 2000 41 940 102 
Silver City - Upper Jenny 2001 34 1081 112 
Silver City - Upper Jenny 2002 29 1218 192 
Silver City - Upper Jenny 2003 24 1374 267 
Silver City - Upper Jenny 2004 23 944 205 
Silver City - Upper Jenny 2005 25 905 116 
Silver City - Upper Jenny 2006 28 1282 189 
Silver City - Upper Jenny 2007 30 828 124 
Silver City - Upper Jenny 2008 31 1177 90 
Silver City - Upper Jenny 2009 22 1430 152 
Silver City - Upper Jenny 2010 36 1390 160 
Silver City - Upper Jenny 2011 35 1095 160 
Silver City - Upper Jenny 2012 32 798 101 
Silver City - Upper Jenny 2013 26 883 131 
Silver City - Upper Jenny 2014 26 1706 168 
Silver City - Upper Jenny 2015 27 1281 NA 
Sixmile - Four Corners 1999 50 204 138 
Sixmile - Four Corners 2000 38 210 0 
Sixmile - Four Corners 2001 40 194 122 
Sixmile - Four Corners 2002 33 231 69 
Sixmile - Four Corners 2003 18 313 104 
Sixmile - Four Corners 2004 16 223 0 
Sixmile - Four Corners 2005 18 216 0 
Sixmile - Four Corners 2006 17 319 79 
Sixmile - Four Corners 2007 18 222 80 
Sixmile - Four Corners 2008 22 289 73 
Sixmile - Four Corners 2009 8 363 159 
Sixmile - Four Corners 2010 27 348 161 
Sixmile - Four Corners 2011 20 307 160 
Sixmile - Four Corners 2012 18 221 98 
Sixmile - Four Corners 2013 34 162 64 
Sixmile - Four Corners 2014 31 320 104 
Sixmile - Four Corners 2015 33 223 NA 
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Sixmile - Green Mountain 1999 50 386 108 
Sixmile - Green Mountain 2000 50 309 158 
Sixmile - Green Mountain 2001 47 318 159 
Sixmile - Green Mountain 2002 43 357 0 
Sixmile - Green Mountain 2003 25 569 124 
Sixmile - Green Mountain 2004 25 382 231 
Sixmile - Green Mountain 2005 25 385 238 
Sixmile - Green Mountain 2006 28 502 101 
Sixmile - Green Mountain 2007 31 338 64 
Sixmile - Green Mountain 2008 44 356 91 
Sixmile - Green Mountain 2009 11 713 184 
Sixmile - Green Mountain 2010 34 578 186 
Sixmile - Green Mountain 2011 23 553 184 
Sixmile - Green Mountain 2012 17 430 99 
Sixmile - Green Mountain 2013 36 287 202 
Sixmile - Green Mountain 2014 43 451 204 
Sixmile - Green Mountain 2015 35 423 NA 
Sixmile - Heely 1999 47 337 249 
Sixmile - Heely 2000 43 286 135 
Sixmile - Heely 2001 46 255 0 
Sixmile - Heely 2002 38 319 120 
Sixmile - Heely 2003 26 428 150 
Sixmile - Heely 2004 23 295 104 
Sixmile - Heely 2005 25 292 192 
Sixmile - Heely 2006 27 401 55 
Sixmile - Heely 2007 29 270 181 
Sixmile - Heely 2008 42 287 140 
Sixmile - Heely 2009 13 533 215 
Sixmile - Heely 2010 38 410 107 
Sixmile - Heely 2011 26 419 215 
Sixmile - Heely 2012 20 317 258 
Sixmile - Heely 2013 39 206 257 
Sixmile - Heely 2014 38 416 253 
Sixmile - Heely 2015 36 319 NA 
Sixmile - Windmill 1999 52 232 0 
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Sixmile - Windmill 2000 43 229 58 
Sixmile - Windmill 2001 35 281 135 
Sixmile - Windmill 2002 38 255 171 
Sixmile - Windmill 2003 27 335 0 
Sixmile - Windmill 2004 22 253 275 
Sixmile - Windmill 2005 20 259 162 
Sixmile - Windmill 2006 19 382 123 
Sixmile - Windmill 2007 22 250 115 
Sixmile - Windmill 2008 37 258 171 
Sixmile - Windmill 2009 12 430 79 
Sixmile - Windmill 2010 30 410 161 
Sixmile - Windmill 2011 25 344 81 
Sixmile - Windmill 2012 20 259 166 
Sixmile - Windmill 2013 32 203 147 
Sixmile - Windmill 2014 45 272 141 
Sixmile - Windmill 2015 31 289 NA 
Slate Prairie - Hay Draw 1999 39 359 253 
Slate Prairie - Hay Draw 2000 37 288 257 
Slate Prairie - Hay Draw 2001 34 310 262 
Slate Prairie - Hay Draw 2002 31 330 353 
Slate Prairie - Hay Draw 2003 28 375 125 
Slate Prairie - Hay Draw 2004 17 310 153 
Slate Prairie - Hay Draw 2005 22 286 192 
Slate Prairie - Hay Draw 2006 23 403 190 
Slate Prairie - Hay Draw 2007 24 274 251 
Slate Prairie - Hay Draw 2008 29 360 216 
Slate Prairie - Hay Draw 2009 18 442 139 
Slate Prairie - Hay Draw 2010 25 496 309 
Slate Prairie - Hay Draw 2011 25 393 257 
Slate Prairie - Hay Draw 2012 14 335 257 
Slate Prairie - Hay Draw 2013 25 254 202 
Slate Prairie - Hay Draw 2014 17 587 247 
Slate Prairie - Hay Draw 2015 14 455 NA 
Slate Prairie - Mystic 1999 41 405 380 
Slate Prairie - Mystic 2000 35 342 395 
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Slate Prairie - Mystic 2001 30 390 362 
Slate Prairie - Mystic 2002 27 411 244 
Slate Prairie - Mystic 2003 21 480 372 
Slate Prairie - Mystic 2004 17 354 162 
Slate Prairie - Mystic 2005 22 322 124 
Slate Prairie - Mystic 2006 20 491 217 
Slate Prairie - Mystic 2007 25 304 220 
Slate Prairie - Mystic 2008 30 397 154 
Slate Prairie - Mystic 2009 15 538 363 
Slate Prairie - Mystic 2010 17 677 206 
Slate Prairie - Mystic 2011 25 448 249 
Slate Prairie - Mystic 2012 15 369 240 
Slate Prairie - Mystic 2013 22 316 162 
Slate Prairie - Mystic 2014 21 610 208 
Slate Prairie - Mystic 2015 14 525 NA 
Slate Prairie - Slate School 1999 37 216 134 
Slate Prairie - Slate School 2000 26 226 137 
Slate Prairie - Slate School 2001 25 231 134 
Slate Prairie - Slate School 2002 17 275 190 
Slate Prairie - Slate School 2003 13 300 135 
Slate Prairie - Slate School 2004 8 229 112 
Slate Prairie - Slate School 2005 10 223 88 
Slate Prairie - Slate School 2006 13 292 85 
Slate Prairie - Slate School 2007 12 218 63 
Slate Prairie - Slate School 2008 21 255 124 
Slate Prairie - Slate School 2009 9 306 131 
Slate Prairie - Slate School 2010 20 316 146 
Slate Prairie - Slate School 2011 10 304 189 
Slate Prairie - Slate School 2012 1 241 137 
Slate Prairie - Slate School 2013 9 220 249 
Slate Prairie - Slate School 2014 30 231 154 
Slate Prairie - Slate School 2015 14 263 NA 
Slate Prairie - West School 1999 30 54 35 
Slate Prairie - West School 2000 21 51 34 
Slate Prairie - West School 2001 21 51 34 
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Slate Prairie - West School 2002 10 62 48 
Slate Prairie - West School 2003 5 67 22 
Slate Prairie - West School 2004 2 52 17 
Slate Prairie - West School 2005 4 50 22 
Slate Prairie - West School 2006 3 69 21 
Slate Prairie - West School 2007 5 49 16 
Slate Prairie - West School 2008 11 61 23 
Slate Prairie - West School 2009 3 69 28 
Slate Prairie - West School 2010 16 69 10 
Slate Prairie - West School 2011 3 69 28 
Slate Prairie - West School 2012 3 51 24 
Slate Prairie - West School 2013 6 49 0 
Slate Prairie - West School 2014 15 70 41 
Slate Prairie - West School 2015 9 62 NA 
Slate Prairie - Whitetail 1999 40 702 406 
Slate Prairie - Whitetail 2000 36 586 395 
Slate Prairie - Whitetail 2001 30 686 388 
Slate Prairie - Whitetail 2002 30 704 365 
Slate Prairie - Whitetail 2003 27 781 460 
Slate Prairie - Whitetail 2004 27 537 271 
Slate Prairie - Whitetail 2005 23 563 226 
Slate Prairie - Whitetail 2006 22 841 279 
Slate Prairie - Whitetail 2007 22 575 416 
Slate Prairie - Whitetail 2008 30 684 286 
Slate Prairie - Whitetail 2009 16 917 324 
Slate Prairie - Whitetail 2010 18 1143 360 
Slate Prairie - Whitetail 2011 27 752 343 
Slate Prairie - Whitetail 2012 20 608 283 
Slate Prairie - Whitetail 2013 25 533 283 
Slate Prairie - Whitetail 2014 26 976 309 
Slate Prairie - Whitetail 2015 15 918 NA 
Soholt Lyons - Lower Cabin Draw 1999 51 33 NA 
Soholt Lyons - Lower Cabin Draw 2000 54 25 NA 
Soholt Lyons - Lower Cabin Draw 2001 50 26 NA 
Soholt Lyons - Lower Cabin Draw 2002 42 35 NA 
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Soholt Lyons - Lower Cabin Draw 2003 35 52 NA 
Soholt Lyons - Lower Cabin Draw 2004 51 25 NA 
Soholt Lyons - Lower Cabin Draw 2005 28 37 NA 
Soholt Lyons - Lower Cabin Draw 2006 31 45 NA 
Soholt Lyons - Lower Cabin Draw 2007 40 32 43 
Soholt Lyons - Lower Cabin Draw 2008 52 26 NA 
Soholt Lyons - Lower Cabin Draw 2009 15 64 56 
Soholt Lyons - Lower Cabin Draw 2010 46 35 NA 
Soholt Lyons - Lower Cabin Draw 2011 41 36 NA 
Soholt Lyons - Lower Cabin Draw 2012 20 39 56 
Soholt Lyons - Lower Cabin Draw 2013 35 28 NA 
Soholt Lyons - Lower Cabin Draw 2014 52 33 57 
Soholt Lyons - Lower Cabin Draw 2015 38 34 NA 
Soholt Lyons - Lyons 1999 42 611 246 
Soholt Lyons - Lyons 2000 43 459 246 
Soholt Lyons - Lyons 2001 39 492 262 
Soholt Lyons - Lyons 2002 32 571 223 
Soholt Lyons - Lyons 2003 24 720 259 
Soholt Lyons - Lyons 2004 21 512 253 
Soholt Lyons - Lyons 2005 24 473 257 
Soholt Lyons - Lyons 2006 22 721 266 
Soholt Lyons - Lyons 2007 28 449 240 
Soholt Lyons - Lyons 2008 35 566 102 
Soholt Lyons - Lyons 2009 19 770 114 
Soholt Lyons - Lyons 2010 31 790 0 
Soholt Lyons - Lyons 2011 23 729 0 
Soholt Lyons - Lyons 2012 12 601 86 
Soholt Lyons - Lyons 2013 28 437 152 
Soholt Lyons - Lyons 2014 27 878 160 
Soholt Lyons - Lyons 2015 26 660 NA 
Soholt Lyons - Soholt 1999 42 641 250 
Soholt Lyons - Soholt 2000 44 456 246 
Soholt Lyons - Soholt 2001 38 518 262 
Soholt Lyons - Soholt 2002 33 598 262 
Soholt Lyons - Soholt 2003 28 690 262 
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Soholt Lyons - Soholt 2004 27 496 262 
Soholt Lyons - Soholt 2005 27 472 257 
Soholt Lyons - Soholt 2006 25 715 219 
Soholt Lyons - Soholt 2007 31 448 240 
Soholt Lyons - Soholt 2008 35 579 173 
Soholt Lyons - Soholt 2009 20 775 164 
Soholt Lyons - Soholt 2010 26 892 0 
Soholt Lyons - Soholt 2011 19 797 0 
Soholt Lyons - Soholt 2012 14 604 123 
Soholt Lyons - Soholt 2013 27 455 216 
Soholt Lyons - Soholt 2014 31 853 231 
Soholt Lyons - Soholt 2015 21 757 NA 
Spring Creek - Basin 1999 44 288 154 
Spring Creek - Basin 2000 43 221 68 
Spring Creek - Basin 2001 40 233 212 
Spring Creek - Basin 2002 38 245 212 
Spring Creek - Basin 2003 24 339 302 
Spring Creek - Basin 2004 25 223 83 
Spring Creek - Basin 2005 26 217 140 
Spring Creek - Basin 2006 24 331 257 
Spring Creek - Basin 2007 31 194 193 
Spring Creek - Basin 2008 36 262 90 
Spring Creek - Basin 2009 24 344 NA 
Spring Creek - Basin 2010 31 381 182 
Spring Creek - Basin 2011 27 316 198 
Spring Creek - Basin 2012 17 253 111 
Spring Creek - Basin 2013 33 186 25 
Spring Creek - Basin 2014 44 304 NA 
Spring Creek - Basin 2015 33 281 NA 
Spring Creek - Junction 1999 50 110 0 
Spring Creek - Junction 2000 41 104 164 
Spring Creek - Junction 2001 37 109 119 
Spring Creek - Junction 2002 38 107 119 
Spring Creek - Junction 2003 28 151 74 
Spring Creek - Junction 2004 21 115 0 
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Spring Creek - Junction 2005 23 114 73 
Spring Creek - Junction 2006 22 165 0 
Spring Creek - Junction 2007 24 112 77 
Spring Creek - Junction 2008 30 129 55 
Spring Creek - Junction 2009 11 194 NA 
Spring Creek - Junction 2010 15 233 95 
Spring Creek - Junction 2011 14 178 63 
Spring Creek - Junction 2012 8 141 95 
Spring Creek - Junction 2013 19 115 42 
Spring Creek - Junction 2014 37 148 NA 
Spring Creek - Junction 2015 23 152 NA 
Spring Creek - Long Draw 1999 43 583 0 
Spring Creek - Long Draw 2000 45 449 109 
Spring Creek - Long Draw 2001 42 469 109 
Spring Creek - Long Draw 2002 42 466 109 
Spring Creek - Long Draw 2003 29 699 204 
Spring Creek - Long Draw 2004 22 517 225 
Spring Creek - Long Draw 2005 24 501 140 
Spring Creek - Long Draw 2006 21 779 219 
Spring Creek - Long Draw 2007 27 481 148 
Spring Creek - Long Draw 2008 37 528 104 
Spring Creek - Long Draw 2009 14 864 NA 
Spring Creek - Long Draw 2010 29 803 182 
Spring Creek - Long Draw 2011 16 810 182 
Spring Creek - Long Draw 2012 10 632 153 
Spring Creek - Long Draw 2013 24 460 0 
Spring Creek - Long Draw 2014 30 788 NA 
Spring Creek - Long Draw 2015 25 660 NA 
Spring Creek - Paulsen 1999 43 142 72 
Spring Creek - Paulsen 2000 33 143 68 
Spring Creek - Paulsen 2001 35 132 45 
Spring Creek - Paulsen 2002 38 121 45 
Spring Creek - Paulsen 2003 28 177 53 
Spring Creek - Paulsen 2004 22 131 69 
Spring Creek - Paulsen 2005 25 118 63 
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Spring Creek - Paulsen 2006 21 191 0 
Spring Creek - Paulsen 2007 27 119 47 
Spring Creek - Paulsen 2008 30 154 23 
Spring Creek - Paulsen 2009 14 218 NA 
Spring Creek - Paulsen 2010 14 265 111 
Spring Creek - Paulsen 2011 16 200 66 
Spring Creek - Paulsen 2012 14 147 41 
Spring Creek - Paulsen 2013 18 130 28 
Spring Creek - Paulsen 2014 23 227 NA 
Spring Creek - Paulsen 2015 20 176 NA 
Spring Creek - Plymton 1999 53 82 0 
Spring Creek - Plymton 2000 59 57 0 
Spring Creek - Plymton 2001 54 61 50 
Spring Creek - Plymton 2002 50 67 50 
Spring Creek - Plymton 2003 38 92 62 
Spring Creek - Plymton 2004 27 75 19 
Spring Creek - Plymton 2005 25 79 0 
Spring Creek - Plymton 2006 19 131 19 
Spring Creek - Plymton 2007 19 87 13 
Spring Creek - Plymton 2008 37 92 9 
Spring Creek - Plymton 2009 17 136 NA 
Spring Creek - Plymton 2010 40 110 16 
Spring Creek - Plymton 2011 23 120 16 
Spring Creek - Plymton 2012 8 107 14 
Spring Creek - Plymton 2013 35 65 0 
Spring Creek - Plymton 2014 38 115 NA 
Spring Creek - Plymton 2015 31 100 NA 
Spring Creek - Spring Creek 1999 44 78 62 
Spring Creek - Spring Creek 2000 41 69 109 
Spring Creek - Spring Creek 2001 38 76 42 
Spring Creek - Spring Creek 2002 42 67 42 
Spring Creek - Spring Creek 2003 37 90 50 
Spring Creek - Spring Creek 2004 29 70 60 
Spring Creek - Spring Creek 2005 35 60 58 
Spring Creek - Spring Creek 2006 27 105 0 
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Spring Creek - Spring Creek 2007 35 65 43 
Spring Creek - Spring Creek 2008 35 85 22 
Spring Creek - Spring Creek 2009 20 118 NA 
Spring Creek - Spring Creek 2010 19 138 0 
Spring Creek - Spring Creek 2011 27 102 61 
Spring Creek - Spring Creek 2012 18 84 38 
Spring Creek - Spring Creek 2013 30 62 26 
Spring Creek - Spring Creek 2014 28 114 NA 
Spring Creek - Spring Creek 2015 22 104 NA 
Spring Creek - Tenderfoot 1999 46 169 0 
Spring Creek - Tenderfoot 2000 46 130 0 
Spring Creek - Tenderfoot 2001 42 139 0 
Spring Creek - Tenderfoot 2002 44 136 0 
Spring Creek - Tenderfoot 2003 44 156 0 
Spring Creek - Tenderfoot 2004 30 132 0 
Spring Creek - Tenderfoot 2005 35 122 0 
Spring Creek - Tenderfoot 2006 30 195 0 
Spring Creek - Tenderfoot 2007 37 118 0 
Spring Creek - Tenderfoot 2008 39 157 0 
Spring Creek - Tenderfoot 2009 20 237 NA 
Spring Creek - Tenderfoot 2010 30 249 0 
Spring Creek - Tenderfoot 2011 32 183 0 
Spring Creek - Tenderfoot 2012 23 150 0 
Spring Creek - Tenderfoot 2013 29 130 0 
Spring Creek - Tenderfoot 2014 40 200 NA 
Spring Creek - Tenderfoot 2015 23 211 NA 
Spring Creek - Whitehouse 1999 45 648 293 
Spring Creek - Whitehouse 2000 43 525 124 
Spring Creek - Whitehouse 2001 39 557 391 
Spring Creek - Whitehouse 2002 39 558 391 
Spring Creek - Whitehouse 2003 28 788 155 
Spring Creek - Whitehouse 2004 24 565 254 
Spring Creek - Whitehouse 2005 28 540 225 
Spring Creek - Whitehouse 2006 25 812 289 
Spring Creek - Whitehouse 2007 33 469 193 
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Spring Creek - Whitehouse 2008 33 675 93 
Spring Creek - Whitehouse 2009 13 995 238 
Spring Creek - Whitehouse 2010 21 1110 63 
Spring Creek - Whitehouse 2011 21 853 238 
Spring Creek - Whitehouse 2012 11 704 381 
Spring Creek - Whitehouse 2013 27 506 44 
Spring Creek - Whitehouse 2014 37 792 NA 
Spring Creek - Whitehouse 2015 26 749 NA 
Tigerville - Deer Park 1999 42 168 69 
Tigerville - Deer Park 2000 40 146 79 
Tigerville - Deer Park 2001 36 159 100 
Tigerville - Deer Park 2002 32 179 124 
Tigerville - Deer Park 2003 27 207 111 
Tigerville - Deer Park 2004 23 150 80 
Tigerville - Deer Park 2005 30 133 67 
Tigerville - Deer Park 2006 27 196 87 
Tigerville - Deer Park 2007 31 130 90 
Tigerville - Deer Park 2008 35 160 78 
Tigerville - Deer Park 2009 14 242 119 
Tigerville - Deer Park 2010 5 364 111 
Tigerville - Deer Park 2011 9 263 145 
Tigerville - Deer Park 2012 5 195 150 
Tigerville - Deer Park 2013 12 170 121 
Tigerville - Deer Park 2014 18 280 140 
Tigerville - Deer Park 2015 15 225 NA 
Tigerville - Lena 1999 37 792 236 
Tigerville - Lena 2000 34 636 213 
Tigerville - Lena 2001 32 660 234 
Tigerville - Lena 2002 30 688 181 
Tigerville - Lena 2003 24 824 203 
Tigerville - Lena 2004 21 587 207 
Tigerville - Lena 2005 18 615 168 
Tigerville - Lena 2006 21 878 206 
Tigerville - Lena 2007 21 585 263 
Tigerville - Lena 2008 26 773 195 
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Tigerville - Lena 2009 15 979 231 
Tigerville - Lena 2010 17 1226 251 
Tigerville - Lena 2011 23 845 162 
Tigerville - Lena 2012 13 689 208 
Tigerville - Lena 2013 19 600 212 
Tigerville - Lena 2014 22 1101 234 
Tigerville - Lena 2015 18 898 NA 
Tigerville - Marshall 1999 42 87 60 
Tigerville - Marshall 2000 38 73 69 
Tigerville - Marshall 2001 35 79 91 
Tigerville - Marshall 2002 31 87 60 
Tigerville - Marshall 2003 21 119 58 
Tigerville - Marshall 2004 17 92 53 
Tigerville - Marshall 2005 15 95 67 
Tigerville - Marshall 2006 15 138 44 
Tigerville - Marshall 2007 18 89 47 
Tigerville - Marshall 2008 24 104 47 
Tigerville - Marshall 2009 12 142 48 
Tigerville - Marshall 2010 22 148 48 
Tigerville - Marshall 2011 19 125 43 
Tigerville - Marshall 2012 15 97 44 
Tigerville - Marshall 2013 20 79 63 
Tigerville - Marshall 2014 27 125 48 
Tigerville - Marshall 2015 25 102 NA 
Tigerville - Mini 1999 65 9 0 
Tigerville - Mini 2000 45 10 0 
Tigerville - Mini 2001 40 12 0 
Tigerville - Mini 2002 28 16 0 
Tigerville - Mini 2003 20 21 0 
Tigerville - Mini 2004 7 18 0 
Tigerville - Mini 2005 13 16 0 
Tigerville - Mini 2006 15 21 0 
Tigerville - Mini 2007 11 17 0 
Tigerville - Mini 2008 24 16 0 
Tigerville - Mini 2009 8 26 0 
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Tigerville - Mini 2010 7 29 11 
Tigerville - Mini 2011 20 17 21 
Tigerville - Mini 2012 5 17 22 
Tigerville - Mini 2013 15 14 23 
Tigerville - Mini 2014 25 21 22 
Tigerville - Mini 2015 25 15 NA 
Tigerville - Redfern 1999 40 213 145 
Tigerville - Redfern 2000 37 167 145 
Tigerville - Redfern 2001 34 179 123 
Tigerville - Redfern 2002 33 183 126 
Tigerville - Redfern 2003 34 190 130 
Tigerville - Redfern 2004 23 155 121 
Tigerville - Redfern 2005 28 140 120 
Tigerville - Redfern 2006 27 213 131 
Tigerville - Redfern 2007 30 135 140 
Tigerville - Redfern 2008 35 175 140 
Tigerville - Redfern 2009 19 253 125 
Tigerville - Redfern 2010 7 411 101 
Tigerville - Redfern 2011 9 302 65 
Tigerville - Redfern 2012 7 210 114 
Tigerville - Redfern 2013 12 190 105 
Tigerville - Redfern 2014 23 303 82 
Tigerville - Redfern 2015 11 283 NA 
Tigerville - Tigerville 1999 40 260 174 
Tigerville - Tigerville 2000 31 234 188 
Tigerville - Tigerville 2001 28 248 162 
Tigerville - Tigerville 2002 27 257 202 
Tigerville - Tigerville 2003 25 281 203 
Tigerville - Tigerville 2004 17 222 164 
Tigerville - Tigerville 2005 18 214 130 
Tigerville - Tigerville 2006 15 336 172 
Tigerville - Tigerville 2007 17 222 153 
Tigerville - Tigerville 2008 21 297 186 
Tigerville - Tigerville 2009 13 349 169 
Tigerville - Tigerville 2010 10 488 125 
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Tigerville - Tigerville 2011 14 341 163 
Tigerville - Tigerville 2012 6 266 13 
Tigerville - Tigerville 2013 12 234 135 
Tigerville - Tigerville 2014 19 395 158 
Tigerville - Tigerville 2015 11 347 NA 
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APPENDIX II 
Temporal Series of Conifer Cover Maps 
Percent conifer tree cover for the Black Hills and associated Bear Lodge 
Mountains from 1999 through 2015. 
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APPENDIX III 
Temporal Series of Deciduous Cover Maps 
Percent deciduous tree cover for the Black Hills and associated Bear Lodge 
Mountains from 1999 through 2015. 
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APPENDIX IV 
Temporal Series of Herbaceous Vegetation Cover Maps 
Percent herbaceous vegetation cover for the Black Hills and associated Bear 
Lodge Mountains from 1999 through 2015. 
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APPENDIX V 
Temporal Series of Non Vegetated Area Maps 
Percent non vegetated area for the Black Hills and associated Bear Lodge 
Mountains from 1999 through 2015. 
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